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POT SON S: 

THEIR EFFECTS AND DETECTION. 


PART I.— INTRODUCTORY. 

I.— The Old Poison-Lore. 

§ 1. It is significant that the root “ tox ” of the modem word toxicology 
can be traced back to a very ancient word meaning “ bow ” or “arrow,” 
or, in its broadest sense, some “ tool ” used for slaying ; hence it is no 
far-fetched supposition that the first poison, knowledge was that of the 
septic poisons. Perchance the savage found that weapons soiled with 
the blood of former victims made wounds fatal ; from this observation 
the next step naturally would be that of experiment — the arrow or 
spear would be steeped in all manner of offensive pastes, and smeared 
with the vegetable juices of those plants which were deemed noxious ; 
and as the effects were mysterious, they would be ascribed to the 
supernatural powers, and covered with a veil of superstition. 

The history of the poison-lehre, like all history, begins in the region 
of the myths : there was a dark saga prevailing in Greece, that in the 
far north existed a land ruled by sorcerers — all children of the sun — 
and named Aeetes, Perses, Hecate, Medea, and Circe. Later on, the 
enchanted land was localised at Colchis, and Aeetes and Perses wore 
said to be brothers. Hecate was the daughter of Perses ; she was 
married to Aeetes, and their daughters were Medea and Circe. Hecate 
was the discoverer of poisonous herbs, and learned in remedies both evil 
and good. Her knowledge passed to Medea, who narcotised the dragon, 
the guardian of the golden fleece, and incited Jason to great undertakings. 

In the expedition of the Argonauts, the poets loved to describe 
Hecate’s garden, with its lofty walls. Thrice-folding doors of ebony 
barred the entrance, which was guarded by terrible forms: only the 
initiated few, only they who bore the leaven ed rod of expiation, and the 
concealed conciliatory offering of the Medea, could enter into the 
sanctuary. Towering above all was the temple of the dread Hecate, 
whose priestesses offered to the gods ghastly sacrifices. 
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2 POISONS: THEIR EFFECTS AND DETECTION. [§ 2, 3 . 

§ 2. The oldest Egyptian king, Menes, and Attalus Phylometer, the 
last king of Perga nnis, were both famous for their knowledge of plants. 
Attalus Phylometer was acquainted with hyoscyamus, aconite, conium, 
veratrinn, and others ; he experimented on the preparation of poisons, 
and occupied himself in compounding medicines. Mithradet® Eupator 
stood yet higher : the receipt for the famous theriaca, prepared in later 
years at an enormous price, and composed of fifty-four different ingredi- 
ents, is ascribed to him. The wonderful skill shown by the Egyptians 
in embalming and technical works is sufficient to render it fairly certain 
that their chemical knowledge was considerable ; and the frequent opera- 
tions of one caste upon the dead must have laid the foundations of a 
pathological and anatomical culture, of which only traces remain. 

The Egyptians knew prussic acid as extracted in a dilute state from 
certain plants, among the chief of which was certainly the peach ; on a 
papyrus preserved at the Louvre, M. Duteil read, "Pronounce not the 
name of I. A. 0. under the penalty of the peach I” in which dark threat, 
without doubt, lurks the meaning that those who revealed the religious 
mysteries of the priests were put to death by waters distilled from the 
peach. That the priests actually distilled the peach leaves has been 
doubted by those who consider tire art of distillation a modem inven- 
tion j but this process was well known to adepts of the third and fourth 
centuries, and there is no inherent improbability in the supposition that 
the Egyptians practised it* 

§ 3. From the Egyptians the knowledge of the deadly drink appears 
bo have passed to the Koraans. At the trial of Antipater, f Veras brought 
a potion derived from Egypt, which had been intended to destroy Eerod ; 
this was essayed on a criminal, he died at once. In the reign of Tiberius, 
a Boman knight, accused of high treason, swallowed a poison, and fell 
dead at the feet of the senators: in both cases the rapidity of action 
appears to point to prussic acid. 

The use of poison by the G-ieeks, as a means of capital punishment, 
without doubt favoured suicide by the same means ; the easy, painless 
death of the state prisoner would be often preferred to the sword by one 
tired of life, The ancients looked indeed upon suicide, in certain in- 
stances, as something noble, and it was occasionally formally sanctioned. 
Thus, Valerius Maximus tells us that be saw a woman of quality, in the 
island of Ceos, who, having lived happily for ninety years, obtained 
leave to take a poisonous draught, lest, by living longer, she should 
happen to have a change in her good fortune ; and, curiously enough, 

* Zosemus of Alexandria gives a drawing of a still which he states is copied from 
the ancient temple of Memphis in Egypt, Analyst, xxx. 295, 1905, and HoefFer, 
Bistoirede CTiemie, vol. i. p. 262. 

t Jos,, Ant,, b. xrii. c, 5. 
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this sanctioning of self-destruction seems to have been copied in Europe. 
Mead relates that the people of Marseilles of old had a poison, kept by 
the public authorities, in which cicuta was an ingredient ; a dose was 
allowed to any one who could show why he should desire death. What- 
ever use or abuse might be made of a few violent poisons, Greek and 
Roman knowledge of poisons, their effects and methods of detection, 
was stationary, primitive, and incomplete. 

Nicander .of Colophon (204-138 b.c.) wrote two treatises, the most 
ancient works on this subject extant, the one describing the effects of 
snake venom ; the other, the properties of opium, henbane, certain 
fungi, colchicum, aconite, and conium. He divided poisons into those 
which kill quickly, and those which act slowly. As antidotes, those 
medicines are recommended which excite vomiting — e.g., lukewarm oil, 
warm water, mallow, linseed tea, etc. 

Apollodorus lived at the commencement of the third century b.c. : 
he wrote a work on poisonous animals, and one on deleterious medicines ; 
these works of Apollodorus were the sources from which Pliny, Heraclitus, 
and several of the later writers derived most of their knowledge of poisons. 

Dioscorides (40-90 a.d.) well detailed the effects of cantharides, sul- 
phate of copper, mercury, lead, and arsenic. By arsenic he would 
appear sometimes to mean the sulphides, sometimes the white oxide. 
Dioscorides divided poisons, according to their origirr, iuto three classes, 
viz, : — 

1. Animal Poisons. — Under this head were classed cantharides and 
allied beetles, toads, salamanders, poisonous snakes, a particular variety 
of honey, and the blood of the ox, probably the latter in a putrid state. 
He also speaks of the “ sea-hare’’ The sea-hare was considered by the 
ancients very poisonous, and Domitian is said to have murdered Titus 
with it. It is supposed by naturalists to have been one of the genus 
Aplysia, among the guderopods. Both Pliny and Dioscorides depict the 
animal as something very formidable : it was not to be looked at, far 
less touched. The aplysias exhale a very uauseous and foetid odour 
when they are approached : the best known of the species resembles, 
when in a state of repose, a mas of unformed flesh ; when in motion, it 
is like a common slug ; its colour is reddish-brown ; it has four horns 
on its head ; and the eyes, which are very small, are situated between 
the two hinder ones. This aplysia has an ink reservoir, like the sepia, 
and ejects it in order to escape from its enemies ; it inhabits the muddy 
bottom of the water, and lives on small crabs, mollusca, etc. 

2. Poisons from Plants, — Dioscorides enumerates opium, black 
and white hyoscyamus (especially recognising the activity of the seeds), 
mandragora, which was probably a mixture of various solanacete,. conium 
(used to poison the condemned by the people of Athens and the dwellers 
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of ancient Massilia), elaterin, and tlie juices of species of euphorbia and 
apocyneae. He also makes a special mention of aconite, the name of 
which is derived from Akon , a small city in Heraclea. The Greeks were 
well aware of the deadly nature of aconite, and gave to it a mythical 
origin, from the foam of the dog Cerberus. Colchicum was also known 
to Dioscorides ; its first use was ascribed to Medea. Veratrum album 
and nigrum were famous medicines of the Homans, and a constituent of 
their "rat and mice powders ” ; they were also used as insecticides. 
According to Pliny, the Gauls dipped their arrows in a preparation of 
veratrum.* Daphne mezereon, called by the Romans also smilax and 
taxus, appears to have been used by Cativoleus, the king of the Eburones, 
for the purpose of suicide; or possibly by “'taxus” the yew-tree is 
meant, f 

The poisonous properties of certain fungi were also known. Nicander 
calls the venomous mushrooms the “'evil fermentation of the earth,” and 
prescribes the identical antidotes which we would perhaps give at the 
present time — viz. , vinegar and alkaline carbonates. 

3. Mineral Poisons. — Arsenic has been already alluded to. The 
ancients used it as a caustic and depilatory. Copper was known as 
sulphate and oxide ; mercury only as cinnabar : lead oxides were used, 
and milk and olive-oil prescribed as an antidote for their poisonous 
properties. The poison-lehre for many ages was considered as something- 
forbidden, Galen, in his treatise “ On Antidotes,” remarks that the 
only authors who dared to treat of poisons were Orpheus, Theologus 
Morus, Mendesius the younger, Heliodoms of Athens, Aratus, and a 
few others ; but none of these treatises have come down to us From 
the close similarity of the amount of information in the treatises of 
Nicander, Dioscorides, Pliny, Galen, and Paulus iEgineta, it is probable 
that all were derived from a common source. 

§ 4. If we turn our attention to early Asiatic history, a very cursory 
glance at the sacred writings of the East will prove how soon the art of 
poisoning, especially in India, was used for the purpose of suicide, revenge, 
or robbery. 

The ancient practice of the Hindoo widow — self-immolation on the 
burning pile of her husband — is ascribed to the necessity which the 
Brahmins were under of putting a stop to the crime of domestic poison- 
ing. Every little conjugal quarrel was liable to be settled by this fonn 
of secret assassination, but such a law, as might be expected, checked 
tlie practice. 

Poison was not used to remove human beings alone, for there has 
been from time immemorial in India much cattle-poisoning. In the 
Institutes of Menu, it is ordained that when cattle die the herdsman 
* Pliny, xxv. 5. t De Bello Galileo, vi. 31. 
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shall carry to his master their ears, their hides, their tails, the skill 
below their navels, their tendons, and the liquor oozing from their 
foreheads. Without doubt these regulations were directed against 
cattle-poisoners. 

The poisons known to the Asiatics were arsenic, aconite, opium, and 
various solauaceous plants. There has been a myth floating through 
the ages that a poison exists which will slay a long time after its intro* 
duction. All modem authors have treated the matter as an exaggerated 
legend, but, for my own part, I see no reasou why it should not, in 
reality, be founded on fact. There is little doubt that the Asiatic 
poisoners were well acquainted with the infectious qualities of certain 
fevers and malignant diseases. Now, these very malignant diseases 
answer precisely to the description of a poison which has no immediate 
effects. Plant smallpox in the body of a man, and for a whole fortnight 
he walks about, well aud hearty. Clothe a person with a garment 
soaked in typhus, and the same thing occurs — for many days there will 
be no sign of failure. Again, the gipsies, speaking a tongue which is 
essentially a deformed prakrit, and therefore Indian in origin, have long 
possessed a knowledge of the properties of the curious “mucor 
phycomyces.’’ This was considered an alga by Agaron, but Berkeley 
referred it to the fungi. The gipsies are said to have administered the 
spores of this fungi in warm water. In this way they rapidly attach 
themselves to the mucous membrane of the throat, all the symptoms of 
a phthisis follow, and death takes place in from two to three weeks. 
Mr, Berkeley informed me that he has seen specimens growing on broth 
which had been rejected from the stomach, and that it develops in 
enormous quantities on oil-casks and walls impregnated with grease. 
The filaments are long, from 12 to 18 inches, and it is capable of very 
rapid development. 

There is also a modern poison, which, in certain doses, dooms the 
unfortunate individual to a terrible malady, simulating, to a considerable 
extent, natural disease — that is phosphorus. This poison was, however, 
unknown until some time in the eleventh century, when Alchid Becher, 
blindly experimenting on the distillation of urine and carbon, obtained 
his “ escarboucle," and passed away without knowing the importance of 
his discovery, which, like so many others, had to be rediscovered at a 
later period. 

§ 5. The Hebrews were acquainted with certain poisons, the exact 
nature of which is not quite clear. The words “ rosch ” and " chema ” 
seem to be used occasionally as a generic term for poison, and sometimes 
to mean a specific thing; “rosch,” especially, is used to signify some 
poisonous parasitic plant. They knew yellow arsenic under the name of 
“ sam,” aconite under the name of “ bosefika," and possibly “ son ’’means 
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ergot.* In the later period of their history, when they were dispersed 
through various nations, they would naturally acquire the knowledge of 
those nations, without losing their own. 

§6. The part that poison has played in history is considerable. 
The pharmaceutical knowledge of the ancients is more graphically and 
terribly shown in the deaths of Socrates, Demosthenes, Hannibal, and 
Cleopatra, than in the pages of the older writers on poisons. 

In the reign of Artaxerxes II. (Memnon), (b.c. 405-359), Phvysa 
poisoned the queen Statira by cutting food with a knife poisoned on one 
side only. Although this has been treated as an idle tale, yet two 
poisons, aconite and arsenic, were at least well known ; either of these 
could have been in the way mentioned introduced in sufficient quantity 
into food to destroy life. 

In the early part of the Christian era professional poisoners arose, 
and for a loug time exercised their trade with impunity.! Poisoning 
was so much in use as a political engine that Agrippina (a.d, 26) 
refused to eat of some apples offered to her at table by her father»in> 
law, Tiberius. 

It was at tins time that the infamous Locusla flourished. She is said 
to have supplied, with suitable directions, the poison by which Agrippina 
got rid of Claudius ; and the same woman was the principal agent in the 
preparation of the poison that was administered to Britannieus, by order 
of his brother Nero. The details of this interesting case have been 
recorded with some minuteuess. 

It was the custom of the Romans to drink hot water, a draught 
nauseous enough to us, but, from fashion or habit, considered by them a 
luxury ; and, as no two men : s tastes are alike, great skill was shown by 
the slaves in bringing the water to exactly that degree of heat which 
their respective masters found agreeable.! 

The children of the Imperhd house, with others of the great Roman 
families, sat at the banquets at a smaller side table, while their parents 
reclined at tire larger. A slave brings hot water to Britannieus ; it is too 
hot ; Britannieus refuses it. The slave adds cold water ; and it is this 
cold water that is supposed to have been poisoned ; in any case, 
Britannieus had no soouer drunk of it than he lost voice and respiration. 
Agrippina, his mother, was struck with terror, as well as Octavia, his 
sister. Nero, the author of the crime, looks coldly on, saying that such 
fits often happened to him in infancy without evil result ; and after a 
few moments’ silence the banquet goes on as before. If this were not 

* R, J. "Wunderbar, Biblisch'talmudisclw Median, Leipzig, 1850-60. 

t Tacitus, lib, xii, , xiii. Mentioned also by Juvenal and Suetonius. 

+ The death of Arius (a.d. 325) is ascribed by Gibbon either to a miracle or to 
poison — 11 bis bowels suddenly burst out in a privy,” 
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sudden death from heart or brain disease, the poison must have been 
either a cyanide or prussic acid. 

In those times no autopsy was possible : although the Alexandrian 
school, some 300 years before Christ, had dissected both the living and 
the dead, the work of Herophilus and Erasistratus had not been pursued, 
and the great Roman and Greek writers knew only the rudiments of 
human anatomy, while as to pathological changes and their true inter- 
pretation, their knowledge may be said to have been absolutely nil. It 
was not, indeed, until the fifteenth century that the Popes, silencing 
ancient scruples, authorised dissections ; and it was not until the 
sixteenth century that Vesalius, the first worthy of being considered a 
great anatomist, arose. In default of pathological knowledge, the 
ancients attached great importance to mere outward marks and discolora- 
tions. They noted with special attention spots and lividity, and supposed 
that poisons singled out the heart for some quite peculiar action, altering 
its substance in such a manner that it resisted the action of the funeral 
pyre, and remained unconsumed. It may, then, fairly be presumed that 
many people must have died from poison without suspicion, and still 
more from the sudden effects of latent disease, ascribed wrongfully to 
poison. For example, the death of Alexander was generally at that time 
ascribed to poison ; but Littre has fairly proved that the great emperor, 
debilitated by his drinking habits, caught a malarious fever in the 
marshes around Babylon, and died after eleven days’ illness. If, added 
to sudden death, the body, from any cause, entered into rapid putrefac- 
tion, such signs were considered by the people absolutely conclusive of 
poisoning : this belief, indeed, prevailed up to the middle of the 
seventeenth century, and lingers still among the uneducated at the 
present day. Thus, when Britannicus died, an extraordinary lividity 
spread over the face of the corpse, which they attempted to conceal by 
painting the face, When Pope Alexander VI. died, probably enough 
from poison, his body (according to Guicciardini) became a frightful 
spectacle — it was livid, bloated, and deformed ; the gorged tongue 
entirely filled the mouth ; from the nose flowed putrid pus, and the 
stench was horrible in the extreme. 

All these effects of decomposition, we know, are apt to arise in coarse, 
obese bodies, and accompauy both natural and unnatural deaths ; indeed, 
if we look strictly at the matter, putting on one side the preservative 
effects of certain metallic poisons, it may be laid down that generally the 
corpses of those dying from poison are less apt to decompose rapidly than 
those dying from disease — this for the simple reason that a majority of 
diseases cause changes in the fluids and tissues, which render putrefactive 
changes more active, while, as a rule, those who take poison are suddenly 
killed, with their fluids and tissues fairly healthy. 
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When the Duke of Burgundy desired to raise a report that John, 
Dauphin of France, was poisoned (1457), he described the imaginary 
event as follows : — 

“ One evening our most redoubtable lord and nephew fell so grievously 
sick that he died forthwith. His lips, tongue, and face were swollen; 
his eyes started out of his head. It was a horrible sight to see — for so 
look people that are poisoned.'’ 

The favourite powder of the professional poisoner, arsenic, was known 
to crowned heads in the fourteenth century, and there has come down 
to us a curious document, drawn out by Charles le Mauvais, King of 
Navane. It is a commission of murder, given to a certain Woudreton, 
to poison Charles VI., the Duke of Valois, brother of the king, and his 
ancles, the Dukes of Berry, Burgundy, and Bourbon : — 

" Go thou to Paris ; thou canst do great service if thou wilt ; do what 
I tell thee ; I will reward thee well. Thou shalt do thus : There is a 

thing which is called sublimed arsenic ; if a man eat a bit the size of a 
pea he will never survive. Thou wilt find it in Pampeluna, Bordeaux, 
Bayonne, and in all the good towns through which thou wilt pass, at 
the apothecaries’ shops. Take it and powder it ; and when thou shalt 
be iu the house of the king, of the Count de Valois, his brother, the 
Dukes of Berry, Burgundy, and Bourbon, draw near, and betake thyself 
to the kitchen, to the larder, to the cellar, or any other place where thy 
point can be best gained, and put the powder in the soups, meats, or 
wines, provided that thou canst do it secretly. Otherwise, do it not.” 
Woudreton was detected, and executed in 1384.'* * * § ' 

A chapter might be written entitled “royal poisoners.”! King 
Charles IX, even figures as an experimentalist-! An unfortunate cook 
has stolen two silver spoons, and, since there was a question whether 
“ Bezoar ” was an antidote or not, the king administers to the cook a 
lethal dose of corrosive sublimate, and follows it up with the autidote ; 
but the man dies in seven hours, although Part also gives him oil. 
Truly a. grim business ! 

The subtle method of removing troublesome subjects has been more 
often practised on the Continent than in England, yet the English throne 
in olden time is not quite free from this stain. § The use of poison is 

* Tresor dc Ckartcs , Charles de Navarre. P. Mortonval, vol, ii. p. 384. 

+ Napoleon Bonaparte poisoned at Jaffa (1799) those of his soldiers who had 
plague and were too ill to be moved, — Memoirs of Napoleon Bonaparte , by F. de 
Bourrienne, 

+ OBuvres de Pari, 2nd ed. , liv. xx. Dos Venines, chap, xliv, p. 507. 

§ For example, King John is believed to have poisoned Maud Fitrwalter by “a 
poisoned ^g, ” 

“In the reign of King John, the White Tower received one of the first and 
fairest of a long line of female victims in that Maud Fitzwalter who was known to 
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wholly opposed to the Anglo-Saxon method Isjf thought To what anger> 
the people were wrought on detecting poison ersds gien 
in 1542, a young woman was boiled alive in SmithfieW For' poisoning 
three households* 

§7. Two great criminal schools arose from the fifteenth to the 
seventeenth centuries in Venice and Italy. The Venetian poisoners are 
of earlier date than the Italian, and flourished chiefly in the fifteenth 
century. Here we have the strange spectacle, not of the depravity of 
individuals, but of the government of the State formally recognising 
secret assassination by poison, and proposals to remove this or that 
prince, duke, or emperor, as a routine part of their deliberations. Still 
more curious and unique, the dark communings of “ike council of ten" 
were recorded in writing, and the number of those who voted for and 
who voted against the proposed crime, the reason for the assassination, 
and the sum to be paid, still exist in shameless black and white. Those 
who desire to study this branch of secret history may be referred to a 
small work by Carl Hoff, which gives a brief account of what is known 
of the proceedings of the council. One example will here suffice. On 
the 15th of December 1513 a Franciscan brother, John of Eagubo, 
offered a selection of poisons, and declared himself ready to remove any 
objectionable person out of the way. For the fiist successful case he 
required a pension of 1500 ducats yearly, which was to be increased on 
the execution of future services. The presidents, Girolando Duoda and 
Pietro Guiarina, placed the matter 1 before the " ten ” on the 4th of 
January 1514, and on a division (10 against 5) it was resolved to accept 


the singers of her time as Maud the Fair, The father of this beautiful girl was 
Robert, Lord Fitzwalter, of Castle Baynard, on the Thames, one of John's greatest 
barons, Yet the king, during a fit of violence with the queen, fell madly in love 
■with this young girl, As neither the lady herself nor her powerful siie would listen 
to his disgraceful arit, the king is said to have seized her by force at Dinrmow, and 
brought her to the Tower. Fitzwalter raised an outcry, on which the king sent 
troops into Castle Baynard and his other houses ; and when the baron protested 
against these wrongs, his master banished him from the realm. Fitzwalter fled to 
France with his wife and his other children, leaving his daughter Maud in the 
Tower, where she suffered a daily insult in the king’s unlawful suit. On her proud 
and scornful answer to his passion being heard, John carried her up to the roof, and 
locked her in the round turret, standing on the north-east angle of the keep. 
Maud’s cage was the highest, chilliest den in the Tower ; but neither cold, nor 
solitude, nor hunger could break her strength. In the rage of his disappointed 
love, the king sent one of his minions to her room with a poisoned egg, of which the 
brave girl ate and died ,” — Her Majesty’s Tower , by Hepworth Dixon. Lond., 1869 ; 
i. p, 46, 

* “This years, the 17th of March, wasboyled in Smithfield one Margaret Davie, 
a may den, which had pouysonei 3 householdes that she dwelled in. One being her 
mistress, which dyed of the same> and one Darington and his wyfe, which she also 
dwelled with in Coleman Street, which dyed of the same, and also one Tinleys, 
which dyed also of the same,” — Wriotherley 1 s Chronicle , a,d, 1542. 
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so patriotic an offer, and to experiment first on the Emperor Maximilian. 
The bond laid before the “ ten ” contained a regular tariff — for the great 
Sultan 500 ducats, for the King of Spain 150 ducats, but the journey 
and other expenses were in each case to be defrayed ; the Duke of Milan 
was rated at 60, the Marquis of Mantua at 50, the Pope could be removed 
at 100 ducats. The curious offer thus concludes : — “ The farther the 
journey, the more eminent the man, the more it is necessary to reward 
the toil and hardships undertaken, and the heavier must be the pay* 
ment.” The council appear to have quietly arranged thus to take away 
the lives of many public men, but their efforts were only in a few cases 
successful. When the deed was done, it was registered by a single 
marginal note, '‘favtuni,’ 1 

What drugs the Venetian poisoners used is uncertain. The Italians 
became notorious in the sixteenth and seventeenth centuries for their 
knowledge of poisons, partly from the deeds of Toffana and others, and 
partly from the works of J. Baptista Porta, who wrote a very com prehen* 
sive treatise, under the title of Natural Magic,* and managed to slide 
into the text, in the sections on cooking (Ue Re Goquinana, lib. xiv.), a 
mass of knowledge as to the preparation of poisons. There are preserip* 
tions that little accord with the title, unless iirdeed the trades of cook 
and poisoner were the same. He gives a method of drugging wine with 
belladonna root, for the purpose of making the loaded guest loathe drink ; 
he also gives a list of solanaceous plants, and makes special mention of 
nux vomica, aconite, veratrum, and mezereon. Again, in the section {Da 
Anattpio , lib. xv.) he gives a recipe for a very strong poison which he calls 
a venenum lupinum" ; it is to be made of the powdered leaves of Aconi * 
turn lycodonum, Taxus baccata, powdered glass, caustic lime, sulphide 
of arsenic, and bitter almonds, the whole to he mixed with honey, and 
made into pills the size of a hazel-nut, 

In the section De Medicis Experimentiis he gives a process to poison 
a sleeping person : the recipe is curious, and would certainly not have 
the intended effect, A mixture of hemlock juice, bruised datura, 
stramonium, belladonna, and opium is placed in a leaden box with a 
perfectly fitting cover, and fermented for several days ; it is then opened 
under the nose of the sleeper, Possibly Porta had experimented 011 
small animals, and had found that such matters, when fermented, exhaled 
enough carbonic acid gas to kill them, and imagined, therefore, that the 
same thing would happen if applied to the human subject. However 
this may be, the account which Porta gives of the effects of the solana* 
ceous plants, and the general tone of the work, amply prove that he 
was no theorist, but had studied practically the actions of poisons. 

* J, Bapt. Porta, bom 1537, died 1615. Neapolitani Magics Naturalis. Neapoli, 
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The iniquitous Toffana (or Tophana) made solutions of arsenious acid 
of varying strength, and sold these solutions in phials under the name of 
“ Acquetta di Napoli ” for many years. She is supposed to have poisoned 
more than 600 persons, among whom were two Popes — viz., Pius III. 
and Clement XIV The composition of the Naples water was long a 
profound secret, but it is said to have been known by the reigning Pope 
and by the Emperor Charles YI, The latter told the secret to Dr 
Garelli, his physician, who, again, imparted the knowledge to the famous 
Friedrich Hoffman in a letter still extant, Toffana was brought to justice 
in 1709, but, availing herself of the immunity afforded by convents, 
escaped punishment, and continued to sell her wares for twenty years 
afterwards. When Kepfer * was in Italy he found her in a prison at 
Naples, and many people visited her, as a sort of lion (1730). With 
the Acqua Toffana, the ‘'Acquetta, di Perur/ia" played at the same 
time its part. It is said to have been prepared by killing a hog, dis- 
jointing the same, strewing the pieces with white arsenic, which was 
well rubbed in, and then collecting the juice which dropped from 
the meat; this juice was considered far more poisonous than an 
ordinary solution of arsenic. The researches of Selmi on compounds 
containing arsenic, produced when animal bodies decompose in arsenical 
fluids, lend reason and support to this view ; and probably the juice 
would not only be very poisonous, but act in a different manner, 
and exhibit symptoms different from those of ordinary arsenical 
poisoning. Toffana had disciples; she taught the art to Hieronyma 
Spara, who formed an association of young married women during 
the popedom of Alexander VII. ; these were detected on their own 
confession.! 

Contemporaneously with Toffana, another Italian, Exilior Egide or 
Gilles, attached to the service of Queen Christiana of Sweden, devoted 
himself to similar crimes. He made the acquaintance of M. de St. 
Croix or Godin, a captain of horse in the Tracy regiment, when both 
were imprisoned in the Bastille It is popularly supposed that lie it 
was who instructed St. Croix in the use of poisons, and St. Croix, in his 
turn, imparted the secret to his partner Madame (or Marchioness) de 
Brinvilliers, a little woman with very soft blue eyes, and said to be of 
marvellous beauty. Frantz Funck Brentano t denies this account, saying 
that the true version is that St. Croix and Madame de Brinvilliers got 
their knowledge from Christopher Glaser, a Swiss chemist, author of 
a treatise on chemistry, and discoverer of potassium sulphate. The 

* K.epfer’s Travels, Lond. , 17 58. 

t L« Bret’s Mayazin zu Gebrcnichc der Stoat u. KircJeai-Gcschichtc, Tlicil 4. 
Frankfort and Leipzig, 1774, 

t Princes and Poisons : Studies of the Court of Louis XIV, 
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lovers, at all events, wrote of their poisons as '“Glaser's recipes," the 
chief ingredient of which was without doubt arsenic. 

Madame de Brinvilliers poisoned her father, her brothers, and other 
members of her family; she is also said to have experimented on the 
patients at the Hotel Dieu, in order to test the strength of the powders 
prepared for her by St. Croix. These powders were afterwards called 
“Les pouches de succession,” from a joking remark made by Madame 
in her cups. St. Croix robbed the executioner by dying a natural death, 
and Madame de Brinvilliers, after a sensational trial, at the end of which 
the first president wept bitterly and all the judges shed tears, was 
sentenced to torture "* and death. The tale that St. Croix was suffocated 
through the breaking of a glass mask while he was preparing some 
poisonous substances, and that Madame de Brinvilliers was courted and 
arrested by a police officer disguised as an abbd, according to Funck 
Brentano, has 1 no foundation in fact.t 

The numerous attempts of the Italian and Venetian poisonerson the 
lives of monarchs and eminent persons cast for a long time a cloud over 
regal domestic peace. Bullets and daggers were not feared, but in their 
place the didi of meat, the savoury pasty, and the red wiue were re- 
garded as possible carriers of death. No better example of this dread 
can be found thau, at so late a period as the reign of Henry VIII, ,1: the 
extraordinary precaution thought necessary for preserving the infant 
Prince of Wales. 

* The Marchioness was imprisoned in the Coneiergerie and tortured. Victor 
Hugo, describing the rack in that prison, says, 11 The Marchioness de Brinvilliers 
was stretched upon it stark naked, fastened down, so to speak, quartered by four 
chains attached to the four limbs, and there suffered the frightful extraordinary 
torture by water, ” which caused her to ask, 11 flow are you going to contrive to put 
that great barrel of water in this little body ? Things seen bj Vidor Hugo, vol. i. 

The water torture was this ; — a huge fuuneldikc vessel was fitted on to the neck, 
the edge of the fuuuel coming up to the eyes; on now pouring water into the 
funnel sothat the fluid rises above the nose and mouth, the poor wretch is bound to 
swallow the fluid or die of suffocation ; if indeed the sufferer resolve to be choked, 
in the first few moments of unconsciousness tlie fluid is swallowed automatically, 
and air again admitted to the lungs ; it is therefore obvious that in this way pro- 
digious quantities of fluid might he takeu, 

t For the court of poison ers {chanbre ardaUe) and the histories of St. Croix, De 
Brinvilliers, the priest Lc Sage, the women La Voisin, and La Yigourenx, the reader 
may be referred to Voltaire's Siiele de Louis XIV., Madame de &-vigne’s Lcttres, 
Martiniere’s Hist, de la Reyne de Louis XIV., Strutzel, Le Venenis, etc. 

i Henry VIII., at one time of his life, was (orpretended to be) apprehensive of 
being poisoned ; it was, indeed, a common belief of his court that Anne Boldyn 
attempted to dose him, 11 The king, in an interview with the young Prince Henry, 
burst into tears, saying that he and his sister (meaning the Princess Mary) might 
thank God for having escaped from the hands of that accursed and varomous harlot, 
who had intended to poison them ” — A Chronicle of England during the Eeigni of the 
Tudors, by W, J, Hamilton Introduction, p xxi. 
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"No person, of whatsoever rank, except the regular attendants in the 
nursery, should approach the cradle, except with an order from the king’s 
hand. The food supplied to the child was to be largely ‘ assayed ,’ and 
his clothes were to be washed by his own servants, and no other hand 
might touch them. The material was to be submitted to all tests. The 
chamberlain and vice-chamberlain must be present, morning and evening, 
when the prince was washed and dressed, and nothing of any kind 
bought for the use of the nursery might be introduced until it was 
washed and perfumed. No person, not even the domestics of the palace, 
might have access to the prince's rooms except those who were specially 
appointed to them, nor might any member of the household approach 
London, for fear of their catching and conveying infection.” * 

However brief and imperfect the foregoing historical sketch of the 
part that poison has played maybe, it is useful in showing the absolute 
necessity of a toxicological science — a science embracing many branches 
of knowledge. If it is impossible now for Toffanas, Locustas, and other 
specimens of a depraved humanity to carry on their crimes without 
detection ; if poison is the very last form of death feared by eminent 
political persons j it is not so much owing to a different state of society, 
as to the more exact scientific knowledge which is applied during life to 
the discrimination of symptoms, distinguishing between those resulting 
from disease and those due to injurious substances, and after death to a 
highly developed pathology, which has learned, by multiplied observa* 
tions, all the normal and abnormal signs in tissues and organs ; and, 
finally, to an even advancing chemistry, which is able in many instances 
to separate and detect the hurtful and noxious thing, although hid for 
months deep in the ground. 


II— Growth and Development of the Modern Methods of 
Chemically Detecting Poisons. 

§ 8. The history of the detection of poisons has gone through several 
phases. The first phase has already been incidentally touched upon — 
detection by antecedent and surrounding circumstances, aided some- 
times by experiments on animals. If the death was sudden, if the post- 
mortem decomposition was rapid, poison was indicated : sometimes a 
portion of the food last eaten, or the suspected thing, would be given 
to an animal ; if the animal also died, such accumulation of proof would 
render the matter beyond doubt. The modem toxicologists are more 
sceptical, for even the last test is not of itself satisfactory. It is now 
* Froude’s History qf England, Vol. iii. p. 262. 
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known that meat may become filled with bacilli and produce rapid death, 
and yet no poison, as such, has been added. 

In the next phase, the doctors were permitted to dissect, and to 
familiarise themselves with pathological appearances. This was a great 
step gained : the apoplexies, heart diseases, perforations of the stomach, 
and fatal internal haemorrhages could no longer be ascribed to poison. 
If popular clamour made a false accusation, there was more chance of 
a correct judgment. It was not until the end of the eighteenth and 
the beginning of the last century, however, that chemistry was far 
enough advanced to test for the more common mineral poisons ; the 
modern phase was then entered on, and toxicology took a new departure. 

§ 9. From the treatise of Barthdlemy d’Auglais * in the thirteenth 
century (in which he noticed the poisonous properties of quicksilver 
vapour), up to the end of the fifteenth century, there are numerous 
treatises upon poison, most of which are mere learned compilations, and 
scarcely repay perusal. In the sixteenth century, there are a few works, 
such, for example, as Porta, which partook of the general advancement of 
science, and left behind the stereotyped doctrine of the old classical 
schools.! 

In the seventeenth century the Honourable Robert Boyle made some 
shrewd observations, bearing on toxicology, in his work on The Useful- 
ness of Natural Philosophy, etc. : Oxford, 1654. Nicolas L’Emery also 
wrote a Cours de Chimie — quite an epitome of the chemical science of 
the time, J 

In the eighteenth century still further advances were made. Richard 
Mead published his ingenious Mechanical Theory of Poisons . Great 
chemists arose — Stahl, Marggraf, Brandt, Bergmann, Scheele, Bertliollet, 
Priestley, and lastly, Lavoisier — and chemistry, as a science, was bom. 
Of the chemists quoted, Scheele, in relation to toxicology, stands chief. 
It was Scheele who discovered prussic acid,§ without, however, noting 
its poisonous properties ; the same chemist separated oxalic acid from 
sorrel, [[ and made the important discovery that arsenic united with 
hydrogen, forming a foetid gas, and, moreover, that this gas could be 

* De Rerum. Proprictaribus. 

t In the sixteenth century it was not considered proper to write upon poisons. 
Jerome Cardan declared a poisoner worse than a brigand, " and that is why I have 
refused not only to teach or experiment on such things, but even to know them.” — 
J. Carden ; De Subtilitate, Basel, 1558, 

+ Cows de Chimie, contenant la laaniere do fairs les op&i'ations qui sont en usayc 
dans la Medicine. Paris, 1675, 

§ Opuseula Chemica, vol. ii. pp. 148-174, 

} De Terra Rhiibarbi et Atido Acctoscllce, Nova Acta Acad. Vcg. Sued. Ami 
1784, Opuscwla Chemica, vol. ii, pp, 187-195. 

Bergmann first described oxalic acid as obtained by the oxidation of saccharine 
bodies ; but Scheele recognised its identity with the acid contained in sorrel. 
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decomposed by heat.* * * § From this observation, a delicate test for arsenic 
was afterwards elaborated, which for the first time rendered the most 
tasteless and easily administered poison in the whole world at once the 
easiest of detection. The further history of what is now called K Marsh’s 
Test ” is as follows : — 

§ 10. Proust t observed that a very foetid hydrogen gas was disengaged 
when arsenical tin was dissolved in hydrochloric acid, and that arsenic 
was deposited from the inflamed gas on cold surfaces which the flame 
touched. Trommsdorff next announced, in 1803, that when arsenical 
zinc was introduced into an ordinary flask with water and sulphuric 
acid, an arsenical hydrogen was disengaged ; and if the tube was 
sufficiently long, arsenic was deposited on its walls.]: Stromeyer, Gay- 

Lussac, Thenard, Gehlen, and Davy later studied this gas, and Serullas 
in 1821 proposed this reaction as a toxicological test. Lastly, in 1836, 
Marsh published his Memoir. § He constructed a special apparatus 
of great simplicity, developed hydrogen by means of zinc and sulphuric 
acid, inflamed the issuing gas, and obtained any arsenic present as a 
metal, which could be afterwards converted into arsenious acid, etc. 

This brief history of the so-called “ Marsh’s Test ” amply shows 
that Marsh was not the discoverer of the test. Like many other useful 
processes, it seems to have been evolved by a combination of many 
minds. It may, however, be truly said that Marsh was the first who 
perfected the test and brought it prominently forward. 

§ 1 1. Matthieu Joseph Bonaventura Orfila must be considered the 
father of modern toxicology. His great work, Traite de Toxwlogie, 
was first published in 1814, and went through many editions. Orfila’s 
chief merit was the discovery that poisons were absorbed and accumu- 
lated in certain tissues — a discovery which bore immediate fruit, and 
greatly extended the means of seeking poisous. Before the time of 
Orfila, a chemist not finding anything in the stomach would not have 
troubled to examine the liver, the kidney, the brain, or the blood. The 
immense number of experiments which Orfila undertook is simply 
marvellous. Some are of little value, and teach nothing accurately 
as to the action of poisons — as, for example, many of those in which he 
tied the gullet in order to prevent vomiting, for such are experiments 
under entirely unnatural conditions ; but there are still a large number 
which form the very basis of our pathological knowledge. 

Orfila’s method of experiment was usually to take weighed or 

* Mlmoires de Scheelc, t i. , 1775. 

t Proust, Annales de Chimie, t xxviii., 1798. 

+ Nicholson’s Journal, vol. vi. 

§ “ Description of a New Process of Separating Small Quantities of Arsenic from 
Substances with which it is mixed.” Ed, New. Phil. Journal , 1836. 
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measured quantities of poison, to administer them to animals, and then 
after death— first carefully noting the changes in the tissues and organs 

t 0 attempt to reader by chemical means the poison administered. 

In this -way he detected and recovered nearly all the organic and 
inorganic poisons then known; and most of his processes are, with 
modifications and improvements, in use at the present time.* 

§ 12. The discovery of the alkaloids at the commencement of the 
nineteenth century certainly gave the poisoner new weapons ; yet the 
same processes (slightly modified) which separated the alkaloids from 
plants also served to separate them from the human body. In 1803 
Derosne discovered narcotine and morphine, but he neither recognised 
the difference between these two substances, nor their basic properties. 
Sertiimer from 1805 devoted himself to the study of opium, and made 
a series of discoveries. Robiquet, in 1 807, recognised the basic characters 
of narcotine. In 1818 Pelletier and Caventou separated strychnine ; 
in 1819, brucine; and in the same year delphinine was discovered 
simultaneously by Brande, Lassaigne, and Feneuille. Coniine was 
recognised by Giesecke in 1827, and in the following year, 1828, 
nicotine was separated by Reimann and Posselt. In 1832 Robiquet 
discovered codeine • and in 1833 atropine, aconitine, and hyoscyamine 
were distinguished by Geiger and Hesse. Since then, every year has 
been marked by the separation of some new alkaloid, from either 
animal or vegetable substances, So many workers in different countries 
now began to study and improve toxicology, that it would exceed the 
limits and be foreign to the scope of this treatise to give even a brief 
resume of their labours. It may, notwithstanding, be useful to append 
a short bibliography of the chief works on toxicology of the last 
century, 


§ 13— BIBLIOGRAPHY OF THE CHIEF WORKS ON TOXICOLOGY 
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Anolada, Jos, — "T raitdde Toxioologie Ghrirale,” etc. Montpellier et Paris, 1835. 
AuTENRrETH.— “ Kurze Anleitnng zur Auffindung der Gifte.” Freiburg, 1892. 
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* Orfila’s chief works are as follows : — 

Traiti des Poisons. 2vols,,8vo. Paris, 1814. 

Lemons de Chimie, appliques it, la Mid, Pratique, 16mo. Brussels, 1836. 
Mlmoirc sur la Nicotine et la Conicme. Paris, 1 851, 

Legem de la Mid, LigaZe. 8vo. Paris, 1821. 

Traiti des Exhumations Juridiqms, et CcmsidAfatious sur les Changenents 
Physiques qw les Cadavres epromienl en se pourrissant, 2 tom, Paris, 1831. 




BIBLIOGRAPHY. 


17 


§ 13 '] 

Bellini, Ranieri. — “Manuel de Tossieologia.” Pisa, 1878. 

Berlin, N. J. — “Naehricht, die gewohnlichen Gifte ehemiseh zn entdeckeu.” 
Stockholm, 1845. 

Bernard, C. — “ Lemons sur les Effets des Substances Toxiques et Mudicamenteuses. ” 
Paris, 1857. 

Bertrand, C. A. R. A. — “Manuel M<5dico>Legale fles Poisons introduits duns 
l’Estomac, et les Moyens Thdrapeutiques qui leur eonvienneut ; suivi d’uu 
Plan d’Organisatiou Medico 'Judieiare. et d’un Tableau de la Classification 
Gdnerale des Empoison uemens.” Paris, 1818, 

Binz, C. — “ Intoxicationen ’’ in Gerhardt’s “ Handbueli dct Kinderkranklieiten.” 
iii. Heft. Tubingen, 1878. 

Blytu, A. Wynter. — “A Manual of Practical Chemistry: The Analysis of Foods 
and the Detection of Poisons.” London, 1879. 

Bocker, Frieder. Wilhelm. — “Die Vergiftuugen in forensischer u. kliuisclier 
Beziebung.” Iserlohn, 1857. 

Bohm, R., Nattnyn, B., and von Boeck, H. — “ Handbueli der Intoxicationen.” 
(Bd. 15 of the German edition of Ziemssen’s Cyclopedia.) 

Brandt, Phobus, and Ratzeburg. — " Deutschlands Giftgewiichse.” Berlin, 
1834-38 (2 vols., with 56 coloured plates). 

Briand, J. , and Chaude, Ern. — “ Manuel Comjilct dc Mddeciue Ldgalc. ” (The 
latest edition, 1879.) The chemical portion is by J. Bouis. 

Buchner, E. — “Lelirbuch der geriehtlichen Medicin far Aerzte n. Juristeu." 3rd 
ed. Miincheu, 1872. 

Casper, J. L. — “Handbuch der geriehtlichen Medicin.” 7th ed. Berlin, 1881. 

Chevallier, A. — “ Traite de Toxieologie et de Cliimie Judicial re. ” Paris, 1868. 

Chiaje, Stef. — “Enclhridis di Tossieologia tcorico*pratica, ” 3rd cd. Napoli, 
1858. 

Chbistison, 'Robert. — “A Treatise on Poisons.” Edinburgh, 1830. (A third 
edition appeared in 1836.) 

Cornevin, C, — “Des Plantes Vcndneuse.” Paris, 1887, 

Devergie, Alphonse, — "Mddceine Lilgale, Thooriquc, ct Pratique.” 3rd cd. 
Paris, 1852. 

Duagendorfp, Jean Georges. — “Die gericlitlich*cliemische Ermittolung von 
Giftcn in Nahrungsmittelu, Luftgcniischcn, Speiscrestcn, Kiirjiertheileu," 
etc. St, Petersburg, 1868, 3rd cd, Gottingen, 1888, 

11 XJntcrsuchungcu aus (1cm Pharmacentischcn Institute in Dorpat Bcitriige 

7,ur geriehtlichen Chemie eiuzclncr orgauiselicr Gifte,” Eistes Heft, St. 
Petersburg, 1871. 

“ Jahresbericlit fiber die Fortschrittc der Pliarmacognosic, Pliarmacie, und 

Toxicologic,” Hcraiisgegeben von Dr, Diugcndorff, 1876. 

Duflos, A. — “Handbuch del' angewandteu gcrielitlich'cliemischcu Aualyse dev 
chcmischen Gifte, ilivc Erkennuug in rcinem Zustande n. in Gemcngcn 
betrelfend, “ Breslau u, Leipzig, 1873, 

Eulunbkkg, Dr, Hf,hmann, — “Handbuch der GewerbeJlygienc,” Berlin, 1876. 

Falck, C. Pn. — “Die Klinischwichtigen Intoxicationen.” (Handbueli der spec. 
Pathologic u, Thoiapie red, von R. Yircliow, Bd. 2.) Erlangen, 1854. 

Falck, Ferd, Aug. — “ Ldirbuch der praktiselien Toxicologic, ” Stuttgart, 1880, 

Flandin, C. — “Traite des Poisons, 011 Toxieologie appliquic h la Mddeeine Lfigalo, 
a la Physiologie, et ;V la Thdrapeutique.” Paris, 1847, 1853. 

FrOunuk, Eug. — “ Lelirbuch der Toxicologic fiir Tkicriirztc.” Stuttgart, 1890, 

Galtif.r, C. P. — “Traitii de Toxicologic Medieo*Legale ct de la Falsification dos 
Aliments,” etc, Paris, 1845. 

' ' Traitii de Toxieologie Mcdioale, Cliinrique et Legale,” etc. Finds, 1855. A 

later edition of the same work, 


2 



i8 


POISONS : THEIR EFFECTS AND DETECTION. 


Greene, Will. H.— "A Practical Handbook of Medical Chemistry, applied to 
Clinical Research and the Detection of Poisons.” Philadelphia, 1880. 

Guerin, G. — "Trait4 Pratique d’Analyse Chiinique etde Reeheiches Toxicol ogiqnes.’ 
Paris, 1893. 

Gut, W. A., and Ferrier, David. — "Principles of Forensic Medicine.” London, 
1874. 

Harnack, Erich. — “ Lehrbueh der Arzioeimittellehre,” eta Hamburg, 1883. 

Hasselt, van, A. W. M. — “Handbueh der Giftlehre fiti Chemiker, Aerate, 
Apotheker, u. Riehtspersouen.” (A German translation of the original 
Dutch edition, edited by ,1. B. Henkel. Braunschweig, 1862. Supplemental 
vol. by N. Husemann, Berlin, 1867.) 

Helwig, A.— "Das Mikroskop in der Toxlcologie.” 64 photographs, roy. 8vo. 
Mainz, 1865. 

Hemming, W. D. — "Aids to Forensic Medicine and Toxicology.” London, 1877. 

Hermann, L. — " Lehrbueh der experimentcllen Toxieologie.” 8vo. Berlin, 
1874. 

Hoffmann, E. R. — "Lehrbueh der gericlitlichen Medicin.” 5tli cd. Wien, 
1890-91. 

Husemann and A. Hilger. — "Die Pflanzenstoffe in cliemischer, pharmakolog' 
ischer, u. toxicologiseher Hinsiclit.” 2nd ed. Berlin, 1882. 

Husemann, Th., and Husemann, A. — "Handbncli der Toxieologie.” Berlin, 
1862. (Suppl. Berlin, 1867.) 

Robert, Rud. — " Lehrbueh der Intoxicationen.” Stuttgart, 1893. 

Koehler, R.— " Handbueh der speeielleu Therapie, einschliesslich der Behandlung 
der Vergiftungen.” 3rd ed. 2 vols., roy. 8vo. Tiibiugen, 1869. 

Lessf.r, Adolf.— " Atlas der gerichtlicheo Medicin.” Berlin, 1883. 

Loew, Oscar.—" Ein natiirliches System der Giftwirknngen.” Miinchen, 1893. 

Ludwig, E. — "Medicinische Chemie in Anwcndung auf gerichtlicke Untersuch. 
ungeu. ” 

Mahon, A. — " Medecine Legale et Police Miidicale.” Paris, 1807. 

Marx, K, F, H, — "Die Lehre von den Gifteu.” Gottingen, 1827-29. 

Maschka, J. — " Handbueh der geriehtlichen Medicin.” Tubingen, 1881-82, This 
work is under the editorship of Dr, Maschka, and contains separate articles 
on medicodegal and toxicological questions by various eminent toxicologists, 
somewhat after the manner of Ziemssen’s Clyclopiedia, 

Mende, Lud, Jul, Casp, — " Ausfiihrliches Handbueh der gericlitlichen Medicin.” 
1819-32. 

Mohr, Fried. — " Chemisclie Toxieologie, ” Braunschweig, 1874. 

Montgarny, H, de. — “ Essai de Toxieologie, et specialemeat avec la Jurisprudence 
Medieale” Paris, 1878. 

Montmahon, E. S, de. — " Manuel Medieo'Legale des Poisons,” etc. Paris, 1824. 

Mutel, D, Ph,— " Des Poisons, consider^ sous le rapport de la Medecine Pratique,” 
etc, Montpellier et Paris, 1835, 

Nacquet, A, — "Legal Chemistry : A Guide to the detection of Poisons, Examina. 
tion of Stains, etc., as applied to Chemical Jurisprudence.” New York, 
1876. 

A translation from the French, 

Nicolai, Joh, Ant, Heinr, — “ Handbueh der geriehtlichen Medicin.” Berlin, 1841, 
The chemical portion is by F, R. Simon, 

Ogston, F. — " Lectures on Medical Jurisprudence.” London, 1878. 

Orfila, Matthieu Jos, Bonaventura.— "Traitd des Poisons, ou Toxieologie 
G£n4rale" Paris, 1st. ed, , 1814; 5th ed., 1852. 

Orfila et Lesueur, — "Trait4 de Medecine Legale. ” Paris, 1821 ; 4tli ed., Paris, 
48. 



§ 13 .] BIBLIOGRAPHY. 1 9 

Otto, F. G. — “Auleitung zur Ausmittelimg der Gifte,” Braunschweig, 1856 ; 5th 
ed., 1875. 6th ed. by Robert Otto, Braunschweig, 1884, 

Praag, van, Leonides, and Opwyrda, R. J. — " Leerboek voor practisclie giftleer.” 
In ZweeTheilen. Utrecht, 1871. 

Rabutead, A. — “Clemens de Toxicologie et de M&leeine Legale, appliqudes & 
l’Empoisonnement.” Paris, 1873. 2nd ed. by Ed. Bourgoing. Paris, 1888. 

Reese, John J. — 11 Manual of Toxicology, including the Consideration of the Nature, 
Properties, Effects, and Means of Detection of Poisons, more especially in 
their Medico degal relations.” Philadelphia, 1874. 

Remer, W. H. G. — 1 ‘ Lehrbuch der polizeilich'gerichtlichcu Chemie.” Bd. 1 u. 2. 
3. Auflage, Helmstadt, 1824. 

Schneider, F. C. — "Die gericktliche Chemie fiir Gerichtsiirztc 11 . Juristen.’’ 
Wien, 1852. 

Schneider, P. J. — “ Ueber die Gifte in luedicinisch'gerichtlieher 11 . geriehtlich' 
polizeilieher Riielcsieht.” 2nd ed., 1821. 

Selmi, V. — •* Studi di Tossieologio Chimica.” Bologna, 1871. 

Sobernheim, Jos. Fr. , and Simon, J. F. — “ Handbncli der praktiseheii Toxicologic,” 
etc. Berlin, 1838. 

Sonnenschein, L. — “Handbiieli dei‘ gerichtlichen Medieiu.” Berlin, 1860. A 
new edition by Dr. A. Classen. Berlin, 1881. 

Tardier, A. — '‘Etude Mddico-Legale et Clinique sar l’Empoisouueiuent, avec la 
Collaboration de M. T. Roussin pour la partie de l’expertise relative a la 
Recherche Chimiqne dcs Poisons.” Paris, 1867. 

Taylor, Alfurd Swainr, — “ On Poisons in relation to Medical Jurisprudence and 
Medicine.” 3rd ed, 1875. Manual, 1879. 

“Principles and Practice of Medical Jurisprudence," 3 vols. Loudon, 

1873. 

Vxbert, Ch, — " Prdeis de Toxicologie.” Paris, 1900. 

Webber, Ant. — " Lehrbuch der praktischcu Toxicologic,” Erlangen, 1869, 

Wood, Horatio C. — “ Therapeutics, Materia Medica, and Toxicology,” Pliilu* 
delphia, 1874, 

Woodmann, W. Bathurst, and Tidy, Ch, — “A Handy* Book of Forensic Medicine 
aud Toxicology, ” London, 1877. 

Wormley, Theodore G.—“ Micro. Chemistry of Poisons, including their Pliysiu* 
logical, Pathological, aud Legal Relations,” New York, 1857. 

W urtss, A. — “Traits Eldmcntaire de Ohimie Mfdicuh*, comprcuaut quclqncs notions 
do Toxicologie,” etc, 2nd ed, Paris, 1875. 



PART II, 


I.— Definition of Poison. 

§ 14. The term “Poison" may be considered first in its legal, as 
distinct from its scientific, aspect. 

The legal definition of ‘'poisou” is to be gathered from the various 
statute-books of civilised nations. 

The English law enacts that : “ Whoever shall administer, or cause to 
be administered to, or taken by any person, any poison or other destruc- 
tive thing, with intent to commit murder, shall be guilty of felony.” 

Further, by the Criminal Consolidation Act, 1861: “Whosoever 
shall, by any other means other than those specified in any of the 
preceding sections of this Act, attempt to commit murder, shall be 
guilty of felony,” 

It is therefore evident that, by implication, the English law defines 
a poisou to be a destructive thing administered to, or taken by, a person, 
and it must necessarily include, not only poisons which act on account 
of their inherent chemical and other properties after absorption into the 
blood, but mechanical irritants, and also specifically-taintcd fluids. 
Should, for example, a person give to another milk, or other fluid, 
knowing, at the same time, that such fluid is contaminated by the 
specific poison of scarlet fever, typhoid, or any serious malady capable 
of being thus conveyed, we believe that such an offence could be brought 
under the first of the sectious quoted, In fine, the words “ destructive 
thing ” are widely applicable, and may be extended to any substance, 
gaseous, liquid, or solid, living or dead, which, if capable at all of being 
taken within the body, may injure or destroy life. According to this 
view, the legal idea of “ poison ” would include such matters as boiling 
water, molten lead, specifically ‘infected fluids, the flesh of animals dying 
of diseases which may be communicable to man, powdered glass, diamond 
dust, etc. Evidence must, however, be given of guilty intent. 

The words, “administered to or taken by,” imply obviously that the 
framers of the older statute considered the mouth as the only portal of 
entrance for criminal poisoning, but the present law effectually guards 
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against auy attempt to commit murder, no matter by what means. 
There is thus ample provision for all die strange ways by which poison 
has been introduced into the system, whether it be by the ear, nose 
brain, rectum, vagina, or any other conceivable way, so that, to borrow 
the words of Mr. Graves (Noted on Criminal Law Consolulation ) , “ the 
malicious may rest satisfied that every attempt to murder which their 
perverted ingenuity may devise, or their fiendish malignity suggest, 
will fall within some clause of this Act, and may be visited with penal 
servitude for life.” 

Since poison is often exhibited, not for the purpose of taking life, 

but from various motives, and to accomplish various ends as, for 

example, to narcotise the robber’s victim (this especially in the East), 
to quiet children, to create love in the opposite sex (love philters), to 
detect the secret sipper by suitably preparing the wine, to expel the 
inconvenient fruit of illicit affection, to cure inebriety by polluting the 
drunkard’s drink with antimony, and, finally, to satisfy an aimless spirit 
of mere wantonness and wickedness, the English law enacts “that whoso* 
ever shall unlawfully or maliciously administer to, or cause to be taken 
by, auy other person, any poison or other destructive ornoxious thing, so 
as thereby to endanger the life of such person, or so as thereby to inflict 
upon such person any grievous bodily harm, shall be guilty of felony.” 

There is also a special provision, framed, evidently, with reference to 
volatile and stupefying poisons, such as chloroform, tetrachloride of 
carbon, etc. : — 

“ Whoever shall unlawfully apply, or administer to, or cause to be 
taken by any person, any chloroform, laudanum, or other' stupefying or 
overpowering drug, matter, or thing, with intent, in any such case, 
thereby to enable himself or any other person to commit, or with intent, 
etc,, to assist any other person in committing, any indictable offence, 
shall be guilty of felony.” 

§ 15. The German statute, as with successive amendments it now 
stands, enacts as follows : * — 

“Whoever wilfully administers (beibringt) to a person, for the 

* “Wer vorsiitzlich einern Audera, um dessen Gesundheit zu bescliaedigen, Gift 
oder andere Stolfe beibringt, welchc die Gesundheit zu zerstoren geeignet sind, wrird 
mit Zuchtliaus von zwei bis zu zchu Jahren bestraft. 

“Istdurch die Handlung eine schwere Korperverletzung verursacht worden, so 
istauf Zuehthaus nicht unter fiinf Jahren, nnd wenu dureh die Handlung der Tod 
verursacht -worden, anf Zuelithaus niclit unter zelm Jahren oder auf lebensliingliches 
Zuchtliaus zu erkenneu, 

“1st die vorsiitzliclie rechtswidrige Handlung des Gift — etc., — Beibringens auf 
das ‘ Tddtcn ’ geriehtet, soil also durcli diesel be gewollter Weise der Todeines Andeien 
herbeigefiihrt werden, so kommt in betraeht: Wer vorsiitzlich emeu Hensclien todtet, 
wird, wenu er die Ttdtung mit Ueberlegung ausgefrihrt hat, wegen Hordes mit deni 
Todc bestraft.” 
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purpose of injuring health, poison, or any other substance having the 
property of injuring health, will be punished by from two to ten years’ 
imprisonment. 

“If by such act a serious bodily injury is caused, the imprisonment 
is not to be less than five years ; if death is the result, the imprisonment 
is to be not under ten years or for life. 

“ If the death is wilfully caused by poison, it comes under the 
general law : ‘ Whoever wilfully kills a man, and if the killing is pre- 
meditated, is on account of murder punishable with death.’ ” 

The French law runs thus (Art. 301, Penal Code) : — “ Every attempt 
on the life of a person, by the effect of substances which may cause 
death, more or less suddenly, in whatever manner these substances may 
have been employed or administered, and whatever may have been the 
results, is called poisoning. ” * 

There is also a penalty provided against any one who “ shall have 
occasioned the illness or incapacity for personal work of another, by the 
voluntary administration, in any manner whatever, of substances which, 
without being of a nature to cause death, are injurious to health.” f 

§16. Scientific Definition of a Poison. — A true scientific definition 
of a poison must exclude all those substances which act mechanically 
— the physical influences of heat, light, and electricity ; and parasitic 
diseases, whether caused by the growth of fungus, or the invasion of an 
organism by animal parasites, as, for example, “ trichinosis,” which are 
not, so far as we know, associated with any poisonous product excreted 
by the parasite ; — on the other hand, it is now recognised that 
pathogenic micro-organisms develop poisons, and the symptoms of all 
true infections are but the effects of “toxines,” The definition of 
poison, in a scientific sense, should be broad enough to comprehend not 
only the human race, but the dual world of life, both animal and 
vegetable, 

Husemann and Kobert are almost the only writers on poisons who 
have attempted, with more or less success, to define poison by a 
generalisation, keeping in view the exclusion of the matters enumerated. 
Husemann says : — “ We define poisons as such inorganic, or organic 
substances as are in part capable of artificial preparation, in part existing, 
ready -formed, in the animal or vegetable kingdom, which, without being 

* " Est qualifie empoisonnenient — tout attentat a, la vie d’une personne par l'effet 
de substances qui peuvent donner la inort plus on moins prompteinent, de quelque 
maniere que ces substances aient ete employees ou administrfes, et quelles qu’en 
aient 6te les suites.” — Art, 301, Pei\al Code, 

t “Celui qui aura occasionne a, autrui une maladie ou incapacity de travail 
personnel en lui administrant volontairement, de quelque maniere que oe so it, des 
substances qui, sans etre de nature a donner la mort, sont nuisibles a la santi.” — 
Art 317, Penal Code , 
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able to reproduce themselves, through the chemical nature of their 
molecules under certain conditions, change iu the healthy organism the 
form and general relationship of the organic parts, and, through anni- 
hilation of organs, or destruction of their functions, injure health, or, 
under certain conditions, destroy life.” Kobert says: — '‘Poisons arc 
organic or inorganic unorganised substances originating in the organism 
itself, or introduced into the organism, either artificially prepared, or 
ready formed in nature, which through their chemical properties, 
under certain conditions, so influence the organs of living beings, 
that the health of these beings is seriously influenced temporarily or 
permanently.” 

In the first editiou of this work an attempt was made to define a 
poison : the definition slightly abbreviated is thus : — A substance may 
be called a poison if it is capable of being taken into any living 
organism, and causes, by its own inherent chemical nature, impairment or 
destruction of function. We prefer this definition to Robert's, and 
believe that it fairly agrees with what we know of poisons. 


II.— Classification of Poisons. 

§ 17. At some future time, with a more intimate knowledge of the 
way in which each poison acts upon the various forms of animal and 
vegetable life, it may be possible to give a truly scientific and philoso- 
phical classification of poisons— one based neither upon symptoms, upon 
local effects, nor upon chemical structure, but upon a collation and com- 
parison of all the properties of a poison, whether chemical, physical, or 
physiological, No perfect systematic arrangement is at preseut attain- 
able ; we are either compelled to omit all classification, or else to arrange 
poisons with a view to practical utility merely. 

From the latter point of view, an arrangenieut simply according to 
the most prominent symptoms is a good one, and, without doubt, an 
assistance to the medical man summoned in haste to a case of real or 
suspected poisoning, Indeed, under s*uch circumstances, a scheme some- 
what similar to the following probably occurs to every one versed in 
toxicology : — 

A, Poisons causing Death immediately, on in a few minutes. 

There are but few poisons which destroy life in a few minutes. 
Omitting the strong mineral acids, carbon monoxide, carbon dioxide, 
with the irrespirable gases — Prussic acid, the cyanides, oxalic acid, and 
occasionally strychnine, are the chief poisons coming under this head. 
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B. Irritant Poisons (symptoms mainly pain, vomiting, and purging). 

Arsenic, antimony, phosphorus, cantharides, savin, ergot, digitalis, 
colchicum, nine, mercury, lead, copper , silver, iron, baryta, chrome, yew, 
laburnum, and putrid animal substances. 

C. Irritant and Narcotic Poisons (symptoms those of an irritant 

nature, with the addition of more or less pronounced cerebral 
indications). 

To this class more especially belong oxalic acid and the oxalates, 
with several poisons belonging to the purely narcotic class, but which 
produce occasionally irritant effects. 

D. Poisons more especially affecting the Nervous System. 

1. Narcotics (chief symptom insensibility, which may be preceded 
by more or less cerebral excitement) : Opium, Chloral, Chloroform. 

2. Deliriants (delirium for the most part a prominent symptom) : 
Belladonna, hyoscyamus, stramonium, with others of the Solanaceoe, 
to which may be added — poisonous fungi, Indian hemp, Lolium temulen- 
tum, CEnanthe crocata, and camphor. 

3. Convulsives. — Almost every poison has been known to produce 
couvulsive effects, but the only true convulsive poisons are the alkaloids 
of the strychnos class. 

4. Complex Nervous Phenomena ; Aconite, digitalis, hemlock, 
calabar bean, tobacco, Lobelia inflata, and curara. 


§ 18. Robert’s Classification. — Robert has classified poisons 
according to the following scheme : — 

I. POISONS WHICH CAUSE COARSE ANATOMICAL CHANGES OF THE 
ORGANS. 

A, Those which specially irritate the part to which they are applied. 

1, Acids. 

2, Caustic alkalies. 

3, Caustic salts, especially those of the heavy metals. 

4, Locally irritating organic substances which neither can be classified as 

corrosive acids nor alkalies, nor as corrosive salts ; such are \—canthari • 
dine, pliryninc, and others in the animal kingdom, croton oil and savin 
in the vegetable kingdom. Locally irritating colours, such as the aniline 
dyes. 

5, Gases and vapours which cause local irritation when breathed, such as 

ammonite, chlorine, iodine , bromine, and sulphur dioxide. 

B. Those which have but little effect locally, but change anatomically other 

parts of the body ; such as lead, phosphorus, and others. 
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II. BLOOD POISONS. 

1. Blood poisons interfering with the circulation in a purely physical manner, 

such as peroxide of hydrogen, ricinc, alrrinc. 

2. Poisons which have the property of dissolving the red blood corpuscle, 

such as the saponins. 

3. Poisons which, with or without primary solution of the red blood eon 

puselcs, produce iu the blood methremoglobiu ; such as potassic chlorate, 
hydrazine, nitwbenzene, aniline, picric acid, carbon disulphide. 

4. Poisons having a peculiar action on the colouring matter of the blood, or on 

its decomposition ju'odncts, such as hydric sulphide, hydric cyanide, and 
the cyanides and carbon monoxide. 

III. POISONS WHICH KILL WITHOUT THE PRODUCTION OF COARSE 

ANATOMICAL CHANGE. 

1. Poisons affecting the oerebro. spinal system ; such as chloroform, ctlicr, 

nitrous oxide, alcohol, chloral, cocaine, atropine, motphiuc, nicotine, 
coniine, aconitine, strychnine, curarine, and others. 

2. Heart Poisons ; such as, digitalis, hclleborin, muscarine, 

IV. POISONOUS PRODUCTS OF TISSUE CHANGE. 

1. Poisonous albumin. 

2. Poisous developed in food. 

3. Auto-poisoning, e.g., uraemia, glycosuria, Oxaluria. 

4. The more important products of tissue change ; such as, fatty acids, cay. 

acids, amidofatty acids, amines, diamines, and ptomaines . 

§ 19. Iu this work the arrangement is one which, as far as 
possible, follows the order in which a chemical expert would search for 
au unknown poison — hence an arrangement partly chemical and partly 
symptomatic, First the chief gases which figure in the mortality 
statistics are treated, and then follow in order other poisons. 

A chemist, given a liquid to examine, would naturally test first its 
reaction, and, if strongly alkaline or strougly acid, would at once direct 
his attention to the mineral acids or to the alkalies. In other cases, he 
would proceed to separate volatile matters from those that were fixed, 
lest substances such as prussic acid, chloroform, alcohol, and phosphorus 
be dissipated or destroyed by his subsequent operations. 

Distillation over, the alkaloids, glncosides, and their allies would 
next be naturally sought, since they can be extracted by alcoholic and 
ethereal solvents in such a manner as in no way to interfere with an 
a/fer*search for metals. 

The metals are last in the list, because by suitable treatment, after 
all organic substances are destroyed, either by actual fire or powerful 
chemical agencies, even the volatile metals may be recovered, The 
metals are arranged very nearly in the same order as that in which they 
would be separated from a solution — vix,, according to their behaviour 
to hydric and ammonium sulphides, 
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There are a few poisons, of course, such as the oxalates of the 
alkalies, which might be overlooked, unless sought for specially ; but it 
is hoped that this is no valid objection to the arrangement suggested, 
which, in greater detail, is as follows : — 

A.— POISONOUS GASES, 

Carbon monoxide. 

Chlorine, 

Hydric sulphide, 

B— ACIDS AND ALKALIES, 

1. Sulphuric acid, 

2. Hydrochloric acid. 

3. Nitric acid. 

4. Potash. 

5. Soda. 

6. Ammonia. 

7. Neutral sodium, potassium, and ammonium salts. 

In nearly all cases of death from any of the above, the analyst, from 
the symptoms observed during life, from the surrounding circumstances, 
and from the pathological appearances and evident chemical reactions 
of the fluids submitted, is put at once on the right track, and has no 
difficulty in obtaining decided results. 

C.— POISONOUS SUBSTANCES CAPABLE OF BEING SEPAR- 
ATED BY DISTILLATION FROM EITHER NEUTRAL OR 
ACID LIQUIDS. 

1, Hydrocarbons, 

2, Camphor, 

3, Alcohols, 

4, Amybnitrite, 

5, Chloroform and other anaesthetics, 

6, Carbon disulphide, 

7, Carbolic acid, 

8, Nitrobenzene, 

9, Prussic acid. 

10, Phosphorus. 

The volatile alkaloids, which may also be readily distilled by strongly 
alkalising the fluid, because they admit of a rather different mode of 
treatment, are not included in this class. 
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D. — ALKALOIDS AND POISONOUS VEGETABLE PRINCIPLES 
SEPARATED FOR THE MOST PART BY ALCOHOLIC 
SOLVENTS. 

DIVISION I. — Vegetable Alkaloids. 

1. Liquid volatile alkaloids, alkaloids of hemlock, nicotine, 

piturie, sparteine, aniline, 

2. The opium group of alkaloids. 

3. The strychnine or tetanic group of alkaloids — strychnine, 

brucine, igasurine, 

4. The aconite group of alkaloids. 

5. The mydriatic group of alkaloids — atropine, hyoscyamine, 

solanin, cytisine, 

6. The alkaloids of the veratrines. 

7. Physostigmine, 

S, Pilocarpine, 

9, Taxine. 

10, Curarine. 

11, Colchicin. 

12, Muscarine and the active principles of certain fungi. 

There would, perhaps, have been an advantage in arranging several 
of the individual members somewhat differently — e.g,, a group might 
be made of poisons which, like pilocarpine and muscarine, are antago- 
nistic to atropine ; and another group suggests itself, the physiological 
action of which is the opposite of the strychnos class j solanin (although 
classed as a mydriatic, and put near to atropine) has much of the 
nature of a glucoside, aud the same may be said of colchicin ; so that, 
if the classification were made solely on chemical grounds, solanin 
would have followed colchicin, and thus have marked the transition 
from the alkaloids to the glucosides. 

DIVISION II.— Glucosides. 

1. The digitalis group. 

2. Other poisonous glucosides acting on the heart. 

3. Saponin. 

The glucosides, when fairly pure, are easily recognised ; they are 
destitute of nitrogen, neutral in reaction, and split up into sugar and 
other compounds when submitted to the action of saponifying agents, 
such as boiling with dilute mineral acids. 
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DIVISION III. — Various Vegetable Poisonous Principles not 

READILY ADMITTING OP CLASSIFICATION IN THE PREVIOUS 

Divisions. 

I. Santonin. 2. Mezereiu. 

It is probable that this class will in a few years be extended, for 
several other organic anitrogenous poisons exist, which, when better 
known, will most likely prove to be anhydrides. 

Ergot, picrotoxin, Tutin, the poison of fflicium rdiyiosum , picric acid, 
dcutoxin, JEthusci cynapium, CEnanthe crocata, croton oil, savin oil, the 
toxalbumins of castor oii and Aims, Ietrogen, Lathyrus satims, arum, 
and others. 

The above division groups together various miscellaneous toxic 
principles, none of which can at present be satisfactorily classified. 

E — POISONS DERIVED FROM LIVING OR DEAD 
ANIMAL SUBSTANCES. 

DIVISION I. — Poisons Secreted by the Living. 

1. Poisonous amphibia. 

2. Poison of the scorpion. 

3. Poisonous fish. 

4. Poisonous insects — spiders, wasps, bees, beetles, etc. 

5. Snake poison. 

6. Mammalian poison. Epinephrin. 

DIVISION II. — Poisons Formed in Dead Animal Matters. 

1. Ptomaines. 

2, Poisoning by putrid or changed foods — sausage poisoning, 

F.— THE OXALIC ACID GROUP. 

G-— INORGANIC POISONS. 

DIVISION I. — Precipitated from a Hydrochloric Acid Solution 
by Hydric Sulphide — Precipitate, Yellow or Orange, 

Arsenic, antimony, cadmium, 

DIVISION II, — Precipitated by Hydric Sulphide rN Hydro- 
chloric Acid Solution — Black. 

Lead, copper, bismuth, silver, mercury, 
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DIVISION III. — Precipitated from a Neutral Solution by 
Hydric Sulphide. 

Zinc, nickel, cobalt. 
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§ 20. The number of deaths from poison (whether accidental, 
suicidal, or homicidal), as compared with other forms of violent, as 
well as natural deaths, possesses no small interest; and this is more 
especially true when the statistics are studied in a comparative manner, 
and town is compared with town, country with country. 

The greater the development of commercial industries (especially 
those necessitating the use or manufacture of powerful chemical 
agencies), the more likely are accidents from poisons to occur. It may 
also be stated, further, that the higher the mental development of a 
nation, the more likely are its homicides to be caused by subtle poison 
— its suicides by the euthanasia of chloral, morphine, or hemlock. 

Other influences causing local diversity in the kind and frequency 
of poisoning are those of race, of religion, of age and sex, and the 
mental stress concomitant with sudden political and social changes. 

§21, During the ten years ending December 1903 there have died 
from poisons and poisonous vapours 1 1,035 persons, The following list 
deals only with those poisons which are definite and fairly common, aud 
accounts for 8544, or over 77 per cent, of the whole. The balance is 
made up of deaths from the following among others : coal gas, sul- 
phuretted hydrogen, sewer gas, carbon dioxide, carbon monoxide, 
arseniuretted hydrogen, various so-called “fumes from kilns,” “from 
coke,” etc. ; there are also a few deaths recorded under each of the 
following heads; tobacco, yew leaves or berries, poisonous berries, 
ergot, castor-oil seeds, oil of cloves, parsnip wine, eantliarides, bryony, 
opodeldoc, sheep dip, weed killer, fungus, water hemlock, colchicum 
vine, quinine, Gregory’s powder, antifebrin, buttercup, sulplioline, and 
vague things such as overdose of medicine, liniment, ptomaines, 
poisonous fish, and, generally, bad or changed food. 
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DEATHS FROM POISON IN ENGLAND AND WALES DURING THE TEN 
YEARS ENDING DECEMBER 1903. 



Accident or 
Negligence. 

Suiciie. 

Murder. 

Total. 


M. 

F. 

M. 

F. 

M. 

F. 

M. 

F. 

Metals. 









A rsenic, 

58 

107 

32 

14 



90 

121 

Antimony, ..... 

2 

3 

2 

2 


i 

4 

6 

Sr. : : : : : 

2 

754 

165 

2 

6 

1 

1 


... 

4 

760 

1 

166 

Silver Nitrate, .... 

1 


1 

1 



2 

1 

Zinc Chloride or Sulphate, . 

7 

2 

2 

9 



9 

11 

Mercury, Salts of, 

14 

17 

48 

18 



62 

35 

Chromic Acid or Preparations ofl 
Chromium, . . . / 

Iron Perchloride, 

8 

6 

1 

1 

1 



9 

7 

1 

Alkaline Earths. 









Barium Chloride 

1 






1 


Lime, 


i 






i 

The Alkalies and theie Salts. 









Caustic Potash 

0 

4 





0 

4 

Potassium Chlorate, 









,, Nitrate, 


i 






1 

,, Bromide, 

2 



AAA 



2 


„ Bichromate, . 

7 

4 

22 

4 



29 

8 

Caustic Soda 

6 

7 





6 

7 

Annuouia 

60 

63 

39 

54 

i 


100 

117 

Acids, 

(a) Mineral, 









Acid, Sulphuric 

34 

9 

30 

22 

2 


66 

31 

, , Nitric 

13 

8 

46 

23 



59 

31 

,, Hydrochloric, 

91 

33 

204 

165 



295 

198 

,, Hydrofluoric, 

1 


... 

... 



1 

... 

(b) Organic , 









Acid, Carbolic, . , , 

184 

153 

796 

826 

2 

3 

982 

982 

,, Acetic, , , . , 

1 

5 

2 

6 



3 

11 

,, Oxalic, .... 

27 

28 

65 

49 

2 

... 

94 

77 

Elements, 









Phosphorus, , 

29 

38 

21 

60 



50 

98 

Iodine 

2 

... 

1 

1 



3 

1 

Carry forward, 

1310 

655 

1320 

1257 

7 

4 

2637 

1916 
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DEATHS FROM POISON IN ENGLAND AND WALES DURING THE TEN 
YEARS ENDING DECEMBER 1903— continued, 

NeSt e&tcl Murder. Total. 


Brought forward, 

Volatile Liquids, 

Paraffin (Petroleum), 

Benzoline, .... 
Nitrobcnzol, 

Ether 

Chloroform 

Chloroform and Ether, , 

Alcohol, Chloroform, and Ether, 
Turpentine, . 

Sweet Nitre, 

Methyl Alcohol, . 

Nitrons Oxide, 

Alcohol 

Fusel Oil 

Spirit of Camphor, 

Brandy, , , , , 

Paraldehyde, 

Coal Naphtha, 

Anaesthetic (kind not stated), 
Opiates ok Nap.cotics. 


Opium, Laudanum, 
Morphine, . 

Soothing Syrup, . 
Chlorodync, . 

Chloral, 

Sulphonal, . 

Cocaine, 

„ and Ether, 
r , Atropine, 
Belladonna and Opium, 
Belladonna, . 

Atropine, 

Henbane, 

Narcotic (kind not stated), 


M. F, M. F. 

. 1310 655 1320 1257 


19 

4 

1 

38 33 

520 292 


56 26 


3 

1 4 

1 

117 59 


536 346 

6 3 

66 36 

66 16 
2 5 


33 33 


16 13 


Cyanides. 

Prussic Add and Oil of Almonds, . 30 

Potassic Cyanide, . ... 17 

Ammonium SnlpliO'Cyanidc, 

Stkychnine and some other 
Organic Poisons, 

Strychuine and Nux Vomica, , 43 

Aconite 22 

Digitalis, 3 

Total, , ?9S8 1586 

Total poisonous substances, includ- 3880 2078 
ing gases and various other poisons, 


F, M. F, 
4 2637 1916 


19 4 

4 1 

1 

38 33 

1 529 301 


59 28 

1 

3 

1 4 

2 

117 59 


2 968 537 

6 3 

... 102 39 

78 18 


45 ? 50 


19 18 


1 302 26 

1 183 24 

2 


2 126 118 
36 9 

3 






32 


POISONS : THEIR EFFECTS AND DETECTION. [§ 22, 23 . 


§ 22. Although so large a number of substances destroy life by accident 
or design, yet there are in the list only about 26 which kill about 2 persons 
or above each year. It must at the same time be confessed that several 
of the 26 are not simple substances, so that the statement underrates 
the actual facts. The 26 substances arranged in the inverse order of 
their fatality are as follows : — 

Number of deaths 
In ten years. 


Antimony 10 

Potash, . 10 

Soda, 13 

Acetic acid, 14 

Nitrous oxide . 15 

Cocaine, either alone or with other substances, ... 16 

Zinc salts (chloride and sulphate), ..... 20 

Paraffin, .......... 23 

Aconite, .......... 45 

Chromic acid and preparations of bichromate of potash, . 53 

Ether 71 

Alcohol, .......... 87 

Belladonna preparations, including atropine, ... 95 

Chloral 96 

Mercuric salts 97 

Phosphorus, ..... . . ... 148 

Oxalic acid 171 

Arsenic, 211 

Ammonia 217 

Strychnine 244 

Prussic acid and cyanides, ....... 535 

Mineral acids 680 

Chloroform 852 

Lead, 926 

Opiates, including laudanum, soothing syrup, morphine, . 1655 

Carbolic acid, 1964 


IV.— The Connection between Toxic Action and Chemical 
Composition, 

§ 23. Considerable advance has been made of late years in the study 
of the connection which exists between the chemical structure of the 
molecule of organic substances and physiological effect. The results 
obtained, though important, are as yet too fragmentary to justify any 
great generalisation ; the problem is a complicated one, and as Lauder 
Brunton justly observes ; — 

“ The physiological action of a drug does not depend entirely on its 
chemical composition, nor yet on its chemical structure, so far as that 
can be indicated even by graphic formula, but upon conditions of solu. 
bility, instability, and molecular relations, which we may hope to discover 
in the future, but with which we are as yet imperfectly acquainted.”* 

* Introduction to Modem Therapeutics, Loud., 1892. 136. 
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The occurrence of hydroxyl, whether tlie substance belong to the 
simpler chain carbon series or to the aromatic carbon compounds, appears 
to usually endow the substance with more or less active and frequently 
poisonous properties, as, for example, in the alcohols, and as in hydro- 
xylamine. It is also found that among the aromatic bodies the toxic 
action is likely to increase with the number of hydroxyls : thus phenol 
has one hydroxyl, resorcin two, and phloroglucin three ; and the toxic 
power is strictly in the same order ; for, of the three, phenol is least and 
phloroglucin most poisonous. 

Replacing hydrogen by a halogen, especially by chlorine, in the fatty 
acids mostly produces substances of narcotic properties, as, for instance, 
monochloracetic acid. In the sulphur compounds, the entrance of 
chlorine modifies the physiological action and intensifies toxicity : thus 
ethyl sulphide (C 2 H 5 ) 2 S is a weak poison, monochlorethyl sulphide 
C,H 6 C 2 H 4 C1S a strong poison, and dichlorethyl sulphide C 4 H s C 1 ? S 
a very strong poison : the vapour kills rabbits within a short time, and 
a trace of the oil applied to the ear produces intense inflammation of 
both the eyes aud the ear.* 

The weight of the molecule has an influence in the alcohols and acids 
of the fatty series ; for instance, ethyl, propyl, butyl, and amyl alcohols 
show as they increase in carbon a regular increase in toxic power ; the 
narcotic actions of sodium propionate, butyrate, and valerianate also 
increase with the rising carbon. Nitrogen in the triad condition in 
the amines is far less poisonous than in the pentad condition. 

Bamberger f distinguishes two classes of hydrogenised bases derived 
from a and (3 naphthylamine, by the terms “acylic” and ‘'aromatic.” 
The acylic contains the four added hydrogens in the amidogen nucleus, 
the aromatic in the other nucleus, thus — 


CH CNH, 
CH CH 

CH CH 

CH CNHy 

CH v|x/ CH 

CH 0 CH 

CH v c v CH 

CH u CH 

a Naphthylamine. 

0 Naphthylamine. 

CH CH., 

CH / X 2 /X - CNH 3 

CH, CH 

CH, CNH, 

CH MN/ CH2 

CH 0 OH, 2 

CH » v c v CH 

CH, CH 

Acylic tettahydro- 
a Naphthylamine. 

Aromatic tetrahydro. 
$ Naphthylamine. 


* V, Meyer, Tier, d, chcm, Oes., xx, 1725. t Tier., xxii. 777-778. 

3 
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The acylic /3 tetrahydro- naphthy lamine, the j3 t etrahy dr oethylnaph thy* 
lamine, and the J3 tetrahydio me thy lnaphthy lamine all cause dilatation of 
the pupil and produce symptoms of excitation of th.e cervical sympa- 
thetic nerve ; the other members of the group are inactive. 

§24. The result of replacing hydrogen by alkyls in aromatic bodies 
has been studied by Schmiedeberg and others ; replacing the hydrogen of 
the amidogen by ethyl or methyl, usually results in a body having a 
more or less pronounced narcotic action. The rule is that methyl is 
stronger than ethyl, but it does not always hold good ; ortho-amido- 
phenol is not in itself poisonous, but when two hydrogens of the 
amidogen group are replaced by two methyls thus — 

HO HO 

NH, N(CH 3 ) 2 

\s 

the resulting body has a weak narcotic action. 

It would naturally be inferred that the replacement of the H in the 
hydroxyl by a third methyl would increase this narcotic action, but this 
is not so ; on the other hand, if there are three ethyl groups in the same 
situation a decidedly narcotic body is produced. 

The influence of position of an alkyl in the aromatic bodies is well 
shown in ortho-, para-, and meta-derivatives. Thus the senior author 
proved some years ago that with regard to germicidal properties, ortho* 
cresol was more powerful than meta- ; meta-cresol more powerful than 
para- ) so again ortho-aceto-toluid is poisonous, causing acute nephritis ; 
meta-aceto-toluid has but feeble toxic actions but is useful as an 
antipyretic ; and para-aceto-toluid is inactive, 

ha the trioxybenzenes, in which there are three hydroxyls, the toxic 
action is greater when the hydroxyls are consecutive, as in pyrogallol, 
than when they are symmetrical, as in phloroglucin. 

OH 

HO OH 
Phloroglucin. 

The introduction of methyl into the complicate d molecule of an 
alkaloid often, gives curious results i thus methyl strychnine and methyl 
brucine instead of producing tetanus have an action on voluntary muscle 
like curare, 

Benzoyl-ecgoninehas no local anaesthetic aotion, but the introduction 
of methyl into the molecule endows it with a pxrwer of deadening the 


OH 



Pyrogallol , 
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sensation of the skin locally ; on the other hand, cocethyl produces no 
effect of this kind. 

Drs. Crum Brown and Fraser * have suggested that there is some 
relation between toxicity and the saturated and non-satnrated condition 
of the molecule. 

Hinsberg and Trenpel have studied the physiological effect of sub- 
stitnting various alkyls for the hydrogen of the hydroxyl group in para- 
aceto-amido-phenol . 

Para-aceto-amido-phenol when given to dogs in doses of 0'5 grm. for 
every lcilogr. of body weight causes slight narcotic symptoms, with slight 
paralysis ; there is cyanosis and in the blood much niethsemoglobin. 

In men doses of half a gramme (7 ‘7 grains) act as an antipyretic, 
relieve neuralgia, and have weak narcotic effects. 

The following is the result of substituting certain alkyls for H hi 
the HO group. 

(1) Methyl. — The uarootic action is strengthened and the antipyretic 
action unaffected. The methaemoglobin in the blood is somewhat less. 

(2) Ethyl — Action very similar, but much less methsemoglobin is 
produced. 

(3) Propyl. — Antipyretic action a little weaker. Methfemoglobin 
in the blood smaller than in para-aceto amido-phenol, hut more than 
when the methyl or ethyl compound is administered. 

(4) Amyl. — Antipyretic action decreased. 

The smallest amount of toxicity is in the ethyl substitution ; while 
the maximum antipyretic and autineuralgic actiou belongs to the methyl 
substitution. 

Next substitution was tried in the Imid group. It was found that 
substituting ethyl for H in the imid group annihilated the narcotic and 
antipyretic properties, No metlisemoglobin could be recognised in the 
blood, 

Lastly, simultaneous substitution of the H of the HO group by ethyl 
and the substitution of an alkyl for the H in the NH group gave the 
following results; — 

Methyl, — In dogs the narcotic action was strengthened, the metbre- 
mog'lobin in the blood diminished, Iu men the narcotic action was also 
more marked as well as the anti -neural action. The stomach and kid- 
neys were also stimulated, 

Ethyl,— In dogs the narcotic action was much strengthened, while 
the methaemoglobin was diminished. In men the antipyretic and anti- 
neural actions were unaffected 

Propyl. — In dogs the narcotic action was feebler than with methyl 
or ethyl, and in men there was diminished antipyretic action. 

* Joum, Anat, and Phys., vol, ii. 224, 
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Amyl — In dogs the narcotic action was much smaller. 

From this latter series the conclusion is drawn that the maximum 
of narcotic action is obtained by the introduction of methyl, and the 
maximum antipyretic action by the introduction of methyl or ethyl. 
The ethyl substitution is, as before, the less toxic.* - 

The effect of the entrance of an alkyl into the molecule of a substance 
is not constant ; sometimes the action of the poison is weakened, some' 
times strengthened. Thus, according to Stolnikow, dimethyl resorcin, 
C 0 H 4 (OCH 3 ) 2 , is more poisonous than, resorcin, O 0 H 4 (OH) 2 . Anisol 
C 6 H.OCH 3 , according to Loevv, is more poisonous to algse, bacteria, and 
infusoria than phenol, C 6 H 5 OH. On the other hand, the replacement 
by methyl of an atom of hydrogen in the aromatic oxyacids weakens 

yO.CHj 

then' action; methyl salicylic acid C U H 4 <’ is weaker than 

X30 OH 


salicylic acid C,jH 4 


c 


OH 


00 H. 


Arsen-methyl chloride, As(CH 3 )Cl,, is strongly poisonous, but the 
introduction of a second methyl As (CH 3 ). J Cl makes a comparatively 
weak poison. 

These results admit, however, of a different interpretation, for 
Overton’s t researches show that the effect of narcotic substances depends 
ou their greater or smaller power of penetrating into the nerve or other 
cells, and that this penetrating power has a direct relationship to the 
solubility of the substance in oil : those substances that are not soluble 
in oil do not enter into the nerve cells, those that are soluble easily 
penetrate. In the living cells there are not only oily matters, but 
also lecithin and cholesterin and their derivatives, The brain cells 
are especially rich in such ; to the fatty mixtures in the brain cells the 
name of brain lipoids has been given (Xotos = fat). Alcohol or chloroform, 
after absorption by the blood, are practically in aqueous solution; and 
when this aqueous solution is carried to the brain lipoids there is a 
partition of the alcohol between the lipoids and the serum, the value of 

which is capable of being expressed by the coefficient , the degree 

water 

of penetration being dependent on the magnitude of the resulting figure, 
which is obviously the larger the more soluble the substance is in oil. 


* Uehr die physiologixltc Wirknng dcs p-amido •phenol u, tiniger DcriuUe 
dcsselbc'i u 0, Hinsberg u. G. Treupel, Archiv f exp, JPa.thdl, u. PMvrm,, xxxiii. 216. 
t Overton, Studies fiber die Narkosc, Jena, 1901. 

H, Meyer, “Zur theorie der Alcohol Narkose, ” Arch. f. exper, Pharmac., xlii. 

H, Meyer, Der Mnflnss wcchsclnder Temperature auf Wirkungstarke u. Tedungs • 
coefficient, op, eit, xlvi. 
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Trional, 

Tetroual, 

Butyl chloral hydrate, 
Triaeethi, 

Diacetin, 

Chloral hydrate, . 
Aethyh urethane, 
Monaeetin, . 

Methyl urethane, . 


Limit of concentration 
necessary to produce 
narcosis In A.molecnles 
per litre. 

O'OOIS 

0'0013 

0'002 

0-010 

0-015 

0-02 

0-025 

0-0125 

0-40 


Partition coefficient 
olive oil. 

4-40 

4-04 

1-59 

0-30 

0-23 

0-22 

0-14 

0-06 

0-04 


With a trifling exception, which future research may explain, the 
greater the solubility in oil of the above substances, the greater the 
narcotic effect ; thus trional, with a coefficient of 4 '4 6, is active in a 
concentration of 1'8 mgrm. (molecules) per litre, while methyl urethane 
with a coefficient of oniy0‘04 must be dissolved in the proportion of 
400 mgrms. per litre. 

By the same process Meyer lias shown that in the alkyl substitutions 
it is not, as formerly held, the ethyl group which is the specific carrier 
of narcotic properties, but that the activity is strictly parallel to the 
partition coefficient, 


Dimethyl. sulplion dimethyl-metliane (CH :; ),- C - (SO./3H.,). J 

very weak, , , 

Diethyl .sulplioirmethane CH 3 (SQ 2 C ? H n ), very weak, . 
Tertiary butylal (CH;) 3 C0H weak, , 

„ ainylal (CH ;i V 

>00 H strong, , 

c 2 h/ 

Sulphonal (CH ;l ) 2 - C - (S0 2 C 2 H 6 ) 2 strong, . 

Tetronal (G;Hj). ; - C- (S0 2 C ? H 5 )j much stronger than 
sulphonal, 

Trioual CH\, 




^>C(SO. j C. 2 H 3 ) 2 much stronger than snlplional, . 


Coefficient. 

0-106 

0-1514 

0- 176 

1 - 0 
1-115 
4-039 
4-458 


H, Meyer lays down the following deductions from the various 
experiments on narcotics : — 

(1) All chemical indifferent matters which are soluble in fat and 
fatty bodies must act as narcotics on living protoplasm so far as they 
enter into the same, 

(2) The action will be the stronger and the earlier on those cells 
in which the fatty components are essential to the function of the cell. 

(3) The proportionate activity of such narcotic must be dependent, 
on the one hand, to the chemical activity of the fat-like substance ; on 
the other, to the remaining constituents of the body, especially water. 
The activity has, therefore, a direct relation to the partition coefficient 
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which determines the distribution of the substance between water and 
the fatty substance. 

The action of a pure narcotic is, therefore, not chemical j it forms no 
definite chemical compound with the cell, nor does it alter its structure ; 
it simply interferes for the time being with its function. If the amount 
of narcotic in the serum diminishes, the partition coefficient alters its 
vahie ; and if ever new narcotic free serum leaves the brain cells, the 
narcotic dialyses out and the cell resumes its function : e.g, ethyl-alcohol 
is soluble in oil and in water, and 2 per cent, narcotises tadpoles in water 
in a few minutes ; but if the tadpoles are now transferred to 1 per cent, 
alcohol, within five minutes their vivacity is restored, as the alcohol has 
dialysed out of the nerve cells. 

The partition coefficient can be estimated chemically or physiologically 
by the following simple methods. 

(a) Son-volatile solid substances soluble in water. — Dissolve 1 grm. in 
50 c.c. of water; add an equal bulk of olive oil ; shake; then allow the 
oil to separate, and take of the aqueous solution a known volume, say 
10 c.c,, and evaporate to dryness ; weigh the residue. 

If the original strength of the aqueous solution be designated as 
a , and after shaking with oil the concentration he represented as b, 


then the partition coefficient is equal to • 


Example, — A solution had a strength of 2 per cent, before shaking 

I *8 

and of 0'2 per cent after shaking ; partition coefficient equals - — = 9. 

0 "2 

(b) Solid substances more soluble in oil than in water)', — In this case 
only 1 volume of oil is taken to 10, 50, or 100 of water, the ultimate 
result being multiplied accordingly. 

(c) Fluid substances soluble in oil and in water, and not too volatile , — 
10 c.c. of the fluid are shaken with 50 c.c. of oil and water in a 
graduated burette and the increase in volume of the oil noted. The 
volume of the water is noted ; the increase of volume of the oil divided 

by that of the water gives the coefficient — - ■ 


(d) Physiological method, — Tadpoles as compared with leeches or 
species of worms belonging to the genus Nais are used, As a rule, a 
leech requires double the dose necessary to narcotise a tadpole. An 


aqueous solution of the substance-is made of such strength that it will 
just narcotise tadpoles = /3 ; another which will narcotise leeches, say 
2/3. If the original concentration of the liquid equals a, and after 
shaking with oil = b ; if this b solution narcotises tadpoles but does 


not narcotise leeches, the concentration evidently lies between f3 and 2/3 ; 
the solution is now diluted with a measured quantity of distilled water 
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until the tadpoles show signs of recovery. From the amount of added 
water the concentration b is calculated, and the partition coefficient 
obtained. That the narcotic action to a great extent is parallel with 
the solubility in oil is well shown by a research of H. Meyer on tadpoles, 
in which the coefficient of each of the substances experimented with 
was also ascertained, 

§ 25. In some cases the increase of CO groups weakens the action 
of a poison ; thus, in allantoin there are three carbonyl (CO) groups; 
this substance does not produce excitation of the spinal cord, but it 
heightens muscular irritability and causes, like xanthin, muscular 
rigidity; alloxantin, with a similar structure but containing six car* 
bonyl groups, does not possess this action. 


NH— CH— NH 


CO 


I 


CO 

1 I i 

NH— CO NH ; 
Allantoin. 


NH— CO 

1 ! 

CO C • 

Nh— io 

Alloxantin. 


CO— HN 

I I 

C CO 

I I 

CO— HN 


. § 26. A theory of general application ltas been put forward and 
supported with great ability by Oscar Loew * which explains the action 
of poisons by presuming that living has a different composition to dead 
albumin ; the albumin of the chemist is a dead body of a definite 
composition and has a stable character; living albumin, such as circu* 
lates in the blood or forms the protoplasm of the tissues, is not “ stable ” 
but '‘labile,’’ Loew says; — “If the old idea is accepted that living 
albumin is chemically the same substance as that which is dead, 
numerous toxic phenomena are inexplicable. It is impossible, for 
instance, to explain how it is that diamide N 2 H 4 and hydroxylamine 
NH 2 OH are toxic, even with great dilution, on all living animals ; whilst 
neither of those substances have the smallest action on dead plasma or 
the ordinary dissolved passive albumin, there must therefore be present 
in the albumin of the living plasma a grouping of atoms in a ‘ labile ’ 
condition ( Atomgruppirungen labile r Ait) which are capable of entering 
into reactions; such, according to our piesent knowledge, can only' 
be the aldehyde and the ketone groups. The first mentioned groups 
are more labile and react in far greater dilution than the latter 
groups.” 

Loew considers that all substances which enter into combination 
with aldehyde or ketone groups must be poisonous to life generally, 
For instance, hydroxylamine, diamide and its derivatives, phenylhy* 
drazine, free ammonia, phenol, prussic acid, hydric sulphide, sulphur 
dioxide and the acid sulphites all enter into combination with 
aldehyde. 

* $i% naturliches System der Qift-iuirkunyen, Munch®, 1893, 
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So again the formation of imide groups in the aromatic ring increases 
any poisonous properties the original substance possesses, because the 
imide group easily enters into combination with aldehyde : thus piperi- 
dine (OH 3 ) s NH is more poisonous than pyridine (CH) 6 N ; coniine Nil 
(CH^CH - CH 2 — CH 2 CII 3 is more poisonous than collidine N(CH) 4 
C — CH - (CH 3 ) 2 ; pyrrol (CH) 4 NH than pyridine (CH) r ,N ; 
C fl H 6 - CH — NH\ 

and amarin * | \C1I - C B H 5 than hydrobenzamide 

C 0 H 5 - C = W 

C 0 H 5 - CH=N 
C (i H 5 -CH=N 

If the theory is true, then substances with “ labile ” amido groups, 
on the one hand, must increase in toxic activity if a second amido group 
is introduced ; and, on the other, their toxic qualities must be diminished 
if the amido group is changed into an imido group by the substitution 
of an atom of hydrogen for an alkyl. 

Observation has shown that both of these requirements are satisfied ; 
phenylenediamine is more poisonous than aniline; toluylenediamine 
more poisonous than toluidine. Again, if an atom of hydrogen in the 
amido (NH 2 ) group in aniline be replaced by an alkyl, e.<j. methyl or 
ethyl, the resulting substance does not produce muscular spasm ; but if 
the same alkyl is substituted for an atom of hydrogen in the benzene 
nucleus the convulsive action remains unaffected. 

If an acidyl, as for example the radical of acetic acid, enter into the 
amido group, then the toxic action is notably weakened ; thus, acetani- 
lide is weaker than aniline, and acetylphenylhydrazine is weaker than 
phemylhydrazine. If the hydrogen of the imido group be replaced by 
an alkyl or an acid radical, and therefore tertiary bound nitrogen 
restored, the poisonous action is also weakened. 

In xanthin there are three imido groups; the hydrogen of two of 
these groups is replaced by methyl in theobromine ; and in caffeine the 
three hydrogens of the three imido groups are replaced by three methyls, 
thus : — 


)cH — C c H 5 . 


NH— CH 
1 1 ! 

CO C-NH 
j | >C0 

NH— C=N 
Xanthine, 


N , CH,— CH 

I « 

GO C— N . CH 3 

I I )°° 

NH C=N 


N . Cff 3 — CH 

I I! 

CO C— N . CH 3 


> 


CO 


N.CH,-C=N 


Theobromine 


Caffeine, 


* Th, Weyl ( Lehrbuch der organischev, Ckemie) states (p. 385) thatamarin is not 
poisonous, but Baccheti (Jahr, d. Clmaw , 1855) has shown that 250mgrms. of the 
acetate will kill a dog, 80 rngi-ms, a guinea-pig; and that it is poisonous to fishes, 
birds, and frogs : hydrobeuzamide fa the same doses has no effect. 
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— and experiment has shown that theobromine is weaker than xanthine, 
and caffeine still weaker than theobromine.'* 

Loew t makes the following generalisations : — 

1. Entrance of the carboxyl or sulpho groups weakens toxic 
action. 

2. Entrance of a chlorine atom exalts the toxic character of the 
catalytic poisons (Loew’s catalytic poisons are alcohols, ether, chloroform, 
chloral, carbon tetrachloride, methylal, carbon disulphide and volatile 
hydrocarbons). 

3. Entrance of hydroxyl groups in the catalytic poisons of the 
fatty series weakens toxic character ; on the other hand, it exalts the 
toxicity of the substituting poisons. (Examples of Loew’s class of 
"substituting" poisons are hydroxylamine, phenylhydrazine, hydric 
cyanide, hydric sulphide, aldehyde, and the phenols.) 

4. A substance increases in poisonous character through every 
influence which increases its power of reaction with aldehyde or amido 
groups. If, for example, an amido or imido group hi the poison 
molecule be made more “labile,” or if thrice linked nitrogen is oon verted 
into nitrogen connected by two bands, whether through addition of 
water or transposition ( umlagetung\ or if a second amido group enters, 
the poisonous quality is increased. Presence of a negative group may 
modify the action. 

5. Entrance of a nitro group strengthens the poisonous character. 
If a carboxyl or a sulpho group is present in the molecule, or if, in 
passing through the animal body, negative groups combine with the 
poison molecule, or carboxyl groups are formed in the said molecule ; in 
such cases the poisonous cliaracter of the nitro group may not be 
apparent. 

6. Substances with double carbon linkings are more poisonous than 
the corresponding saturated substances Thus neurine with the double 
linking of the carbon of CH. 3 is more poisonous than choline ; 
vinylamine than ethylamine, 

* T, Lnsini ( L'orsosi , 1898, xxi, 257) gives the followingletlial doses fol'frogs per 


100 grins, body weight ; — 


Monomethylxanthine, , 

0'03 

Theobrominu, .... 

0'02 

Caffeine 

0‘012 

— successive introduction of methyl groups 

being accompanied by an iwreasod toxic 


action, 

.T. T, Cash and W, R, Dunstan (TVoc. Hoy, S'o c., xviii, 384, 1901) have shown 
that withdrawal of the acetyl group both in pyraconitine and in benzaconiue almost 
destroys their toxicity j by substituting methyl for acetyl in aconitine there is also a 
reduction of toxicity, 

t Bin naturZiches System der Gift-wirhingen, Munchen, 1893. 
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(CH 3 ) 3 N<^ 


ch 2 — ch 2 oh 

OH 


Choline, 


ch 3 


ch.nh 2 ch„.nh 2 

Tinylamine. Ethylamine. 

§ 27. M. Ch. Michet * has investigated the comparative toxicity of 
the metals by experiments on fish, using species of Serranus, Crenolabrus, 
and Julius. The chloride of the metal was dissolved in water and 
diluted until just that strength was attained in which the fish would 
live 48 hours; this, when expressed in grammes per litre, he called 
“ the limit of toxicity” 

The following is the main result of the inquiry, by which it will be 
seen that no relation was found between “the limit of toxicity ” and the 
atomic weight 


TABLE SHOWING THE RESULTS OF EXPERIMENTS ON FISH, 


Xo. of 


Limit of 

Experiments. 

Metal. 

Toxicity. 

20. 

Mercury 

'00029 

7. 

Coppa, 

•0033 

20. 

Zinc, , .... 

•0084 

10. 

Iron 

•014 

7. 

Cadmium , 

•017 

6. 

Ammonium 

•064 

7. 

Potassium, 

'10 

10. 

Nictel 

■126 

9. 

Cobalt, 

T26 

11. 

Lithium, ...... 

•3 

20 . 

Manganese , 

•30 

6. 

Barium, ...... 

•78 

4. 

Magnesium, 

, 1-5 

20, 

Strontium 

. 2'2 

5. 

Calcium, 

. 2'4 

6. 

Sodium, ...... 

. 24 '17 

V.— Life-Tests : The Action, of Poisons 
Forms of Life, 

on the Low 


§ 28. The progress of synthetic chemistry places annually a large 
number of more or less toxic substances in commerce, and it may often 
be necessary to ascertain whether a given extract is poisonous at all, and 
if so, what is its action, Similarly, the action. of poison on life forms 
generally will assist the toxicological chemist in the identification of- a 
substance, 

* “De la ToxicitA comparte des difRrents MAtaux.” Note de M, Ch, Michet 
Con.pt. Read., t, xeiii, p, 649, 1881, 
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§ 28.] LIFE- TESTS. 

The chief methods of experiment are the following : — 

(1 ) Action, on the red blood corpuscles. 

(2) Action on unicellular organisms. 

(3) Cephalopoda. 

(4) Insects. 

(5) Effect of poisons on the heart of cold.blooded animals. 

(1) Action on the red blood corpuscles (erythrocytes). 

Any blood maybe used, but Heinz* has proposed that rabbit’s blood 

should be taken as a standard 

The blood is defibrinatedand several test tubes are charged, each with 
10 drops of the defibrinated blood A solution of the substance in 
various strengths is now added to the blood, adding also common salt to 
each solution so as to bring the concentration equal to O' 9 per cent, of 
common salt ; such a solution, with regard to rabbit’s blood, is osmotic 

If the red blood corpuscles dissolve, it shows the substance has a 
haemolytic poisonous action on the red blood corpuscles. 

Examples of poisons which dissolve the red blood corpuscles are — 
arsenkiretted hydrogen, the poison of the bee, snake poison generally, 
saponin, phallin. 

(2) Action on Infusoria, — -The infusoria are extremely sensitive to 
the poisonous alkaloids and other chemical agents. Strong doses of the 
alkaloids cause a contraction of the cell contents, and somewhat rapid 
disintegration of the whole body; moderate doses at first quicken the 
movements, then the body gets perceptibly larger, and finally, as in the 
first case, there is disintegration of the animal substance. 

The most suitable for the research are the larger kinds, such as 
paramaecia ; these are easily obtained by steeping' hay in water and 
incubating at blood heat for about 24 hours. Among a number of species 
will be observed several paramaecia, such sis Pavamwcimn caudatum 
and others, Still more suitable organisms are, however, the opalinae. 

Opalbia ranaru?n . — The opalinae are ciliated organisms which arc 
found in the rectum of almost every frog at all times of the year. 
They are oval, can just be seen with unaided sight as white points, con- 
tain a number of clear nuclei, and are capable of active movement by 
reason of the numbers of cilia which clothe the surface. 

They are usually obtained from the frog by first paralysing the 
brain so as to destroy sensibility to pain, cutting out tire intestine and 
the lower part of the caecum, and slitting it up while innnersed in a 0-6 
per cent, solution of common salt. 

The inner lining may now be stroked by means of a camel’s hair 
brush and the opalina thus detached. Two drops of water containing 
* Handbuch Her experimentelle Path ologie u, Fharmukologie, Jena, 1904, 
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opalinse substances are added in aqueous solution of known but varying 
strength, and the behaviour of the organisms observed as compared with 
one or more “controls ” contained in watch-glasses or shallow dishes. A 
weak magnifying power is alone required, The chief changes are either 
swelling or shrinking, alterations in form, and often the appearance of 
several vacuoles ; sometimes, again, the contents become granular. 

Rossbach * gives the following intimations of the proportion of the 
toxic principle necessary to cause death : — Strychnine 1 part dissolved 
in 1500 of water ; veratrine 1 in 8000 ; quinine 1 in 5000 ; atropine 1 
in 1000 ; the mineral acids 1 in 400-600 ; salts 1 in 200—300. 

(3) Cephalopoda. — The action of a few poisons on the cephalopoda 
has been investigated by M. E. Yung.f Curara placed on the skin had 
uo effect, but on the branchiae led to general paralysis. If given hi even 
fifteen times a greater dose than necessary to kill a rabbit, it was not 
always fatal. Strychnine, dissolved in sea*water, in the proportion of 
1 to 30,000, causes most marked symptoms. The first sign is relaxation 
of the chromataphore muscle and the closing of the chromataphores ; 
the animal pales, the respiratory movements become more powerful, 
and at the end of a notable augmentation in their number, they fall 
rapidly from the normal number of 25 to 5 a minute. Then "tetanus 
commences after a time, varying with the dose of the poison ; the arm 
stiffens and extends in fan-like form, the entire body is convulsed, the 
respiration is in jerks, the animal empties his pouch, and at the end of 
a few minutes is dead, in a state of great muscular rigidity. If at this 
moment it is opened, the venous heart is found still beating. Nicotine 
and other poisons were experimented with, and the cephalopoda were 
found to be generally sensitive to the active alkaloids, and to exhibit 
more or less marked symptoms. 

(4) Insects. — The symptoms which may be distinguished in poisoned 
flies are dulness or vivacity of movement, loss of power of progression, 
paralysis of legs or wings or both, protrusion of the fleshy proboscis, 
disorderly movements, and so forth, 

Flies are caught without injury by swiftly placing over them a 
watch- glass on the window-pane j a card is then inserted under the watch- 
glass and the fly or flies transferred to a table in a good light. Powders, 
extracts, liquids can now be easily introduced into the watch-glass, or 
the first watch-glass may be placed on another ; in either case, owing to 
the confined space, the insect becomes soiled with the substances placed 
under the watch-glass, and also usually sucks some up in the efforts to 
cleanse itself, 

As controls may be used a fly untreated and one submitted to a 

* N. J, Rossbach, Pharm, Zeitschr. filr finssland, xix. 628. 
t Com.pt, fiend, , t xoi, p, 306, 
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little of the powder of the Pyrethrum m&ea , one of the most powerful of 
the insecticides. 

In the presence of pyrethrum powder, within four minutes there is 
much excitement, in from two to three minutes longer, disordered move' 
nients, loss of balancing power, paralysis of the wings occur, and the fly 
generally lies on its back, death taking place in from two to three hours. 

In poisoning by sausages, bad meat, citrarine, and in obscure cases 
generally, in the present state of science, experiments on living animals 
are absolutely necessary. In this, and in this way only, in very many 
instances, can the expert prove the presence of xymotic, or show the 
absence of chemical poison. 

The Vivisection Act, however, effectually precludes the use of life- 
tests in England save in licensed institutions. Hence the u methods'” of 
applying life-tests described in former editions will he omitted. 

§ 29. Effect of poisons on the heart of Cold -blooded Animals. — The Vivisection 
Act does not, however, interfere with 
tlio use of certain living tests, such, 
for instance, as the testing of the 
action of poisons ujKOn the recently 
extirpated hearts of cold • blooded 
animals. 

Tire heart of the frog, of the 
turtle, of the tortoise, and of the 
shark will beat regularly for a long 
time after removal from the body, if 
supplied with a regular stream of 
nutrient fluid, The fluids used for 
this purpose arc the blood of the 
herbivora diluted with common salt 
solution, or a serum albumin solution, 
or a 2 percent, solution of guui arable 
in which red blood corpuscles -are sus- 
pended, The simplest apparatus to 
use is that ku own as 11 Williams’,” 

Williams’ apparatus consists of two 
glass bulbs (sec diagram), tire ouq P, 
containing nutrient fluid to which a 
known quantity of the poison has been 
added ; the other, N, containing the 
same fluid but to which no poison has 
been added ; these bulbs are connected 
by caoutchouc tubing to a three-way 
tube, T, and cadi piece of eaoutdiouc 
tubing has a pressiu-e screw- clip, V 
and V j the three-way tubo is con- 
nected with a wider tube containing a Williams’ Apparatus, 

valve float, F, which gives free pasage 
of fluid in one direction only, that is, 

in the direction of the arrow j this last wide tube is connected with a Y piece 
of tllbiug, which -again is connected with die aorta of flic heart under examination, 
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the other leg of the Y tube is connected with auother wide tube, X, having a float 
valve, F 5 : the float containing a drop of mercury and permitting (like the float valve 
E) passage in one direction only of fluid, it is obvious that if the clip communicating 
with N is opened and the clip communicating with P is closed, the normal fluid 
will circulate alone through the heart ; if, on the other baud, the P clip is open 
and the N clip closed, the poisoned blood will alone feed the heart. It is also clear 
that by raising or depressing the bulbs, the circulating fluid can be delivered at anv 
pressure, high or low. Should a bubble of air get into the tubes, it can be got rid of 
by removing the cork at S and bringing tire fluid up to the level of tlie top of the 
aperture. The observation is made by first ascertaining the number and character of 
the beats when the normal fluid is circulating, and then afterwards when tie normal 
is replaced by the poisoned fluid. A simpler but less accurate process is to pith two 
frogs, exeise their respective hearts, and place tlie hearts in watch-glasses contain, 
ing either serum or a solution of common salt (strength 075 per cent); to the one 
heart is now added a solution of the poison under examination, and the difference in 
the behaviour and character of the beats noted. 

The phenomena to he specially looked for are the following ; — 

1. The lieartat tlie height of tlie poisoning is arrested in diastole. 

1 The heart at the height of the poisoning is arrested in systole. 

Arrest In diastole.— The arrest may be preceded by the contractions becoming 
weaker and weaker, or after the so.ealled heart peristalsis ; or it may be preceded by 
a condition in which the auricle shows a dilfoent frequency to the ventricle. 

Tlie final diastole may be the diastole of paralysis or the diastole of irritation. 

The diastole of irritation is produced by a stimulus of the inhibitory ganglia, and 
only occurs after poisoning by the muscarine group of poisons. This condition 'may 
be recognised by the fact that contraction may be excited by mechanical and electrical 
stimuli or by the application of atropine solution ; the latter paralyses the inhibitory 
nervous ceutres, ami therefore sets the mechanism going again. The diastole of para, 
lysis is the most frequent form of death. It may readily be distinguished from the 
muscariue diastole; for in muscarine diastole the heart is full of blood and larger 
than normal, but in the paralytic form the heart isnot fully extended, besides which, 
although, if normal blood replace that which is poisoned, the beats may be restored 
fa' a short time, the response is incomplete, and tlie end is the same ; besides which 
atropine does not restore the beats. The diastole of paralysis may depend on para, 
lysis of tlie sorealled excito-motor ganglia (as with iodal), or from paralysis of the 
muscular structure (as with copper), 

The heart at the height of the poisoning stops in systole, 

2. Arrest in systole.— The systole preoediug the arrest is far stronger than 
normal, the ventricle often contracting up into a little lump. Contraction of this 
kind is specially to be seen in poisoning by digitalis, In poisoning by digitalis the 
vartnele is arrested before the auricle ; iu muscarine poisoning the’ auricle stops 
before the ventricle. If the reservoir of Williams* apparatus is raised so as to 
increase the pressure within the ventricle the beat may be restored for a time to 
again oease. 


A frog’s heart under tlie influence of any poison may be finally divided into 
pieces so as to ascertain if any parts still ooi.tiact ; the significance of this is that 
the particular ganglion supplying that portiou of the heart has not been affected’: the 
chief ganglia to be looked for are Remak’s, on the boundary of the sinus and auricle ; 
Ludwigs on the auricle and the septum of the auricle; Bidder's, on the atrioventri- 
cular border, specially in tlie valves ; and Dogiel's ganglion, between tlie muscular 
fibres, According to Dogiel, poisons acting like muscariue affect every portion of the 
heart, and atropine restores the contractile power of eveiy portion, 

Jacobi’s apparatus. -Glass canulas are introduced into the left vena cava and 
aorta respectively, the other big vessels being ligatured ; the arrangement is as in the 



29.] 


LIFE-TESTS, 


47 


figure. The onecanula is conueeted with an india.rubber tube rt, attached to Mar. 
viott’s flasks by means of a y. piece ; tlie other to a T. piece T, connected on the one 
side to a small mercury manometer ; the limb of the manometer nearest the T-pieee 
is connected with a pressure tube S ; the other limb of the manometer is, as shown, 
provided with a recording apparatus which draws a curve in the revolving cylinder C ; 
the other side of the T. piece consists of a tube, connected with a wider tube W ; into 
this fits a glass rod, which can be pushed in and out ; the glass rod is so arranged as 
to leave a fine capillary slit ; the farther - this rod is pulled out tlie easier the fluid 
drops into V, the farther it is pushed in the slower the liquid drops, and therefore 
the greater the pressuie. The tube with the glass rod is horizontal, and a few mms. 
higher than tlie level of tte fluid in R ; the zero point of the manometer is carefully 
adjusted to this level. If, in the manner stated, the pressure is raised, the pressure 
tube S begins to fill with tie nutrient fluid, and the heart is compelled to work at a 
gradually increasing pressure, and this pressure may be registered on tlie kymograph 
by comparison of the tracing with that of the ' ‘ time curve ” Z. 



Jacobi has experimented with the pressures in the aorta and’ the auricle of large 
frogs, and has been able to nearly imitate the natural pressure iu the isolated heart, 
If the latter works with a difference in level of 10-20 mm. the ventricle drives the 
fluid into the pressure tube 50-66 cm, and the fluid drops into the little syphon V 
regularly with each systole, two or three drops escaping, that is, with ten pulsations 
from 1 - 0-l - 5 gnus. , which with a height of 50 cm. corresponds to work of 50-75 
gums. 

Jacobi ingeniously registers graphically the amount of fluid flowing in relation 
to time* pressure, and pulse as follows : — Around the little glass rod is w'ound a moist 
shred of wool, leading the liquid into a small glass vessd syphon shaped, Y, which is 
balanced at one end of a slender rod g, equilibrium being obtained by a counterpoise ; 
the little vessel when full rapidly empties itself by syphon action, and lieuce is iu 
intermittent vibration ; these vibrations are recorded graphically by breaking and 
making contact at p with a galvanic battery arrangement, and by means of tlie 
magnet at M the attached marlcer draws a line on the revolving cylinder O, at tlie 
same moment lines are drawn by the markers A and Z. By means of this instrument 
either normal or poisoned fluid may be put into the isolated heart, and the effects 
thus graphically registered. 
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§ 30. The effect of poisons on the iris. — Several poisons affect the pupil, causing 
either contraction or dilatation. The most suitable animal is the cat, the pupil of 
the cat readily showing either state. 

Toxic myoeis, or toxic contraction of the pupil. — There are two forms of toxic 
myosis, one of which is central in its origin. Iu this 'form, should the poison be 
applied to the eye itself, no marked contraction follows the poison must he swallowed 
or injected subcutaneously to produce an effect, The contraction remains until 
death. 

The contraction in such a case is considered to be due to a paralysis of the dilata' 
tiou centre j it is a “ myosis paralytica centralis ; the best example of this is the 
contraction of the pupil caused by morphine. 

In the second case the poisort, whether applied direct to the eye or entering the 
circulation by subcutaneous injection, contracts the pupil ; the contraction persists if 
the eye is extirpated, but iu all cases the contraction maybe changed into dilatation 
by the use of atropine. An example of this kind of myosis is the action of muscarine. 
It is dependent on the stimulation of the ettds of the nerves which contract the pupil, 
especially the ends of the ncrviis oculonotorius supplying the sphincter iridis ; this 
form of myosis is called myosis spastica per iphera, A variety of this form is the myosis 
spastica muscuktris, depending orr stimnlation of the muse, sphincter iridis, seen in 
poisoning by physostigmine. This causes strong contraction of the pupil when locally 
applied ; the contraction is not influenced by small local applications of atropine, but 
it may be changed to dilatation by high doses, Subcutaneous injection of small doses 
of physostigmine does not alter the pupil, but large poisonous doses contract the pupil 
in a marked manner. 

Toxic mydriasis, or toxic dilatation, of the pupil.— The following varieties are 
to be noticed : — 

1. Toxic doses taken by the mouth or given by subcutaneous injection give rise 
to strong dilatation ; this vanishes before death, givingplaee to moderate contraction. 
This form is due to stimulation of the dilatation centre, later passing into paralysis. 
An example is found irr the action of aconite. 

2. After subcutaneous or local abdication, a dilatation neutralised by physostig. 
urine in moderate doses. This is characteristic of £.tetrahydronaplrthylamine. 

3. After subcutaneous injection, or if applied locally irr very small doses, dilatation 
occurs persisting to death. Large doses of idiysostigminc neutralise the dilatation, but 
it is not influenced by muscarine or pilocarpine : this form is characteristic of atropine, 
and it has been called mydriasis paralytica periphtra. 


VI.— General Method of Procedure in Searching 
for Poison. 

§ 31. Minerul substances, or liquids containing only inorganic 
matters, can cause no possible difficulty to any one who is practised 
in analytical investigation ; but it is otherwise with organic fluids or 
solids. 

The first thing to be done is to note accurately the manner in which 
the samples have been packed, whether the seals have been tampered 
with, whether the vessels or wrappers themselves are likely to have 
contaminated the article sent ; and then to make a very careful observa' 
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§ 3 1 '] 

tion of the appearance, smell, colour, and reaction of the matters not 
forgetting to take the weight, if solid — the volume, if liquid. All these 
are obvious precautions, requiring no particular directions. 

If the object of research is the stomach and its contents, the contents 
should be carefully transferred to a tall conical glass ; the organ cut 
open, spread out on a sheet of glass, and examined minutely by a lens, 
picking out any suspicious 'looking substance for closer observation. 
The mucous membrane should now be well cleansed by the aid of a 
wash-bottle, and if there is any necessity for destroying the stomach, it 
may be essential in important cases to have it photographed. The 
washings having been added to the contents of the stomach, the sedi- 
ment is separated and submitted to inspection, for it must be remembered 
that, irrespective of the discovery of poison, a knowledge of the nature 
of the food last eaten by the deceased may be of extreme value. 

If the death has really taken place from disease, and not from 
poison, or if it has been caused by poison, and yet no definite hint of the 
particular poison can be obtained either by the symptoms or by the 
attendant circumstances, the analyst has the difficult task of endeavour- 
ing to initiate a process of analysis which will be likely to discover any 
poison in tire animal, vegetable, or mineral kingdom. For this purpose 
the following process has been devised, which differs from those published 
at an earlier date mainly in the prominence given to operations in a 
high vacuum, and the utilisation of biological experiment as a matter of 
routine. Taking one of the most difficult cases that can occur — viz,, 
one in which a small quantity only of an organic solid or fluid is available 
— the best method of procedure is the following : — 

1. Distillation in a vacuum at a low temperature. 

2. Collecting the volatile products. 

3. Dehydrating the organic substances, 

4. Dissolving out from the dry mass fatty matters and alkaloids, 
glucosides, etc,, by ethereal and alcoholic solvents, 

5. Destroying organic matter and searching for metals. 

A small portion is reserved and examined microscopically, and, if 
thought desirable, submitted to various '“cultivation ” experiments, 
The greater portion is at once examined for volatile matters, and having 
been placed in a strong flask, and, if neutral or alkaline, feebly acidulated 
with tartaric acid, connected with a second or receiving flask by glass 
tubing and caoutchouc corks. The caoutchouc cork of the receiving- 
flask has a double perforation, so as .to be able, by a second bit of angle 
tubing, to be connected with the merctnypump described in the author’s 
-work on "Foods,” the figure of which is here repeated (see the 
accompanying figure), With a good water-pump having a sufficient 
length of fall-tube, a vacuum may be also obtained that for practical 

4 
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puiposes is as efficient as one caused by mercury ; if the fall-tube 
delivers outside the laboratory over a drain, no offensive odour is 



experienced -when dealing with putrid, stinking liquids. A vacuum 
having been obtained, and the receiving-flask surrounded with ice, a 
distillate for preliminary testing may be generally got without the 
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action of any external heat ; but if this is too slow, the flask containing 
the substances or liquid under examination may be gently heated by a 
water- bath: water, volatile oils, a variety of volatile substances, such as 
prussic acid, hydrochloric acid, phosphorus, etc., if present, will distil 
over. It will be well to free in this way the substance, as much as 
possible, from volatile matters and water, When no more will come 
over, the distillate may be carefully examined by redistillation and the 
various appropriate tests. 

The next step is to dry the sample thoroughly. This is best effected 
also in a vacuum by the use of the same apparatus, only this time the 
receiving- flask is to be half filled with strong sulphuric acid. By now 
applying very gentle heat to the first flask, and cooling' the sulphuric 
acid receiver, even such substances as the liver in twenty-four hours 
may be obtained dry enough to powder, 

Having by these means obtained a nearly dry ■pr- 

friable mass, it is reduced to a coarse powder, and S B V. 

extracted with petroleum ether, and treated as under _/ \ 

the special section for Alkaloids and Glucosides (see | j fl 

Index), I w. ^ . r ^i 

It must also be remembered that there are a few A ]g| ° 

metallic compounds (as, for example, corrosive sub- This figure is from 

limate) which are soluble in alcohol and ethereal “hoods.” B is a 
, , , , , , 1 i j boll-jar, which can 

solvents, and must not be overlooked, be adapted by a cork 

The residue, after being thus acted upon succes* to a con denser; Ris 
sively by petroleum, by alcohol, and by ether, is both ri ^ of the bell-jar is 
water-free and fat-free, and also devoid of all organic immersed iii mer- 
poisonous bases and principles, aud it only remains groo^rceeivea ^ eei ' 
to treat it for metals, various processes for which are 
as follows. These processes have been devised chiefly for the detection 
of arsenic and antimony, but evidently may be used, with obvious 
limitations, for most mineral matters, 

A very fair and complete analysis may be made from a small amount 
of material. The process Is, however, somewhat faulty in reference to 
phosphorus, and also to oxalic acid and the oxalates ; these poisons, if 
suspected, should be specially searched for in the manner to be more 
particularly described in the sections treating of them. In most cases 
there is sufficient material to allow of division Into three parts — one for 
organic poisons generally, oue for Inorganic, aud a third for reserve in 
case of aocident. When such is the case, although, for organic principles, 
the process of vacuum distillation just described still holds good, it will 
be very much the most convenient way ■ not to use that portion for 
metals, but to operate on the portion reserved for the inorganic poisons 
as follows, by destruction of the organic matter. 
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METHODS OF DESTROYING ORGANIC MATTER WHEN 
SEARCHING FOR MINERAL POISONS (ESPECI ALL Y 
ARSENIC). 

§ 32. (A) Destruction by heat, — Of all methods, destroying by heat 
alone or in a current of oxygen is the most perfect; always provided 
that the apparatus is so arranged that volatile metallic vapours can be 
condensed or otherwise recovered. 

G. Bertrand,* in researches on the presence of arsenic in the animal 
tissues, burns the organic matter by means of compressed oxygen in 
Bert helot’s calorimetric bomb. From 1-2 grms. of the substance, 
previously dried, is placed in the bomb ; and the combustion is initiated 
by a very small shred of fulminating cotton in a platinum loop, through 
which is passed an electric current. 

Where necessary, the product of several combustions is accumulated 
in the same bomb. The bomb is then washed out with water. The 
water contains traces of nitric acid produced in the combustion, which 
it is usually best to evaporate off. 

The objection to the process is the expense of the apparatus, the 
cheaper enamelled bombs in commerce, aocording to Bertrand, always 
containing traces of arsenic j besides which, only a very small quantity 
of the substance can be dealt with at one operation. On the other hand, 
the advantages are obvious. The combustion is complete, and a solution 
can be readily obtained suitable for treatment by hydric sulphide or by 
Marsh’s apparatus. 

Yerrykenf places 5-10 grms. of the previously dried organic matter 
in a combustion tube, into which is led dry oxygen by three small tubes 
of different length, in order to distribute the gas equally ; the tube is 
connected with a series of bulbs charged with water. The tube is very 
carefully heated to a dull red heat on each side of the substance ; then 
the substance itself is heated very carefully, in such a way as to 
avoid brisk inflammation of the mass ; on cooling, the tube is washed 
out with hot uitric aeid, the water in the bulbs added, and thus a nitric 
acid solution obtained, 

In the method of Woehler and Siebold, the matters, suitably divided, 
are heated in a porcelain dish with their weight of nitric acid until 
an homogeneous mass has been obtained, then the acid is neutralised, 
by soda, potash, ammonia, or lime, and evaporated to dryness. The 
product is now east in small portions at a time into a porcelain crucible 
brought to a dull red heat, The ultimate mass, which should be of a 

* G. Bertrand, “ Emploide la bombe calorimetrique pour danontrer l’eristence 
Ael’arsenic dans l’organisme," Ccnn/ptes Rend., 1903. 

t Joura. <le pkarni. i? Anvers, 1872. 
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pure white colour, is then dissolved in boiling water and a solution 
obtained absolutely free from organic matter. According to A. Gautier 
this method should not be used in researches on arsenic, the loss of 
arsenic being considerable. 

Bask method , — In this method the organic matters, intimately mixed 
with half their weight of pure lime or pure magnesia, are burned up in 
a muffle, and the product treated with nitric or hydrochloric acid until 
dissolved. The process has been used in researches on malt and on 
ooal, and it is stated no arsenic is lost; but it has not been used in 
other toxicological iuvestigations. 

J, Ogier’s method * — The organic matter (viscera, e.g.) is finely 
divided and made into a soupy mass by the addition of water, and 
introduced into a large flash ; about T j- of the weight of the organic 
substance of potassic- chlorate is added. Hydrochloric acid gas produced 
by the action of pure sulphuric acid on pare hydrochloric add is passed 
through the liquid, the gas finally escaping being led through a little 
water to arrest possible traces of arsenic chloride. As soon as yellow 
vapours are seen above the liquid the current of gas is stopped, the 
process of destruction going on now without farther assistance. The 
end of the reaction is indicated by the yellow colour of the liquid. The 
insoluble matters are filtered off, and, if desired, may be treated by one 
or other of the dry methods ; but it can be shown that, as a rule, they 
are destitute of poisonous metals. The destruction is rapid, 500 to 
1000 grms, of organic matter being destroyed within the hour. 

A. Villiers' f method . — Villiers uses the salts of manganese. The 
substances, made into the consistence of porridge by the addition of 
hydrochloric acid diluted with from 2—3 times its volume of water, are 
introduced into a suitable flask, which has a cork carrying a funnel 
provided with a stopcock and a tube, the end of which dips into water. 
Through the funnel is gradually introduced a solution of a manganese 
salt and a little nitric acid, a regulated heat being at the same time 
applied; the gases evolved are nitrogen and carbon dioxide, hence the 
products are without odour ; the process is even more rapid than that 
of Ogier, In researches for arsenic it is obviously necessary to take 
accurately weighed or measured quantities of the reagents, and, if arsenic 
is found, to make with equal quantities of the reagents a blank 
experiment for the purpose of ascertaining their freedom from arsenic. 

Process of Armarul Gautie )\% — Gautier has revived the old process 
of destruction of organic matter by sulphuric and nitric acids, with 
improvements in detail. 

* Traiti < le chimic toxicologigue, Paris, 1899, 
f Comptes Rendus, 1896, 

X A< Gautier, Bull . Soc. chiin., 1903. 
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Four grms. of pure sulphuric acid and 40 grms. of nitric acid 
( I ■ 42 sp. gr.) are added to 100 grms. of the organic matter in a 
porcelain dish. This is carefully heated until the entire mass assumes 
a chocolate colour; 30 additional grms. of nitric acid are added little 
by little, taking care that before the addition of a fresh quantity the 
matters have a brown tint; after the addition of the final quantity, 
the heat is continued until the contents are almost black, with 
commencing carbonisation. 

Nest 12 more grms. of nitric acid, three successive times are added, 
after each addition pushing the carbonisation still farther. The operation 
is finished when no more fumes are evolved and the carbon detaches itself 
from the dish. The mass is now rubbed to a powder in the dish itself 
by means of a pestle, and exhausted with from 250 to 300 c.c. of boiling 
water. This, after being filtered, contains the metals ; some sulphurous 
acid is added, and the whole is submitted to a current of SH 2 for 3 
hours, first at a temperature of 100°C. and then at ordinary temperatures. 
100 grms. of muscle leave from 2'5 to 3 grins, of carbon. The quantity 
of acid used in ordinary cases is therefore 4 grms. of sulphuric acid 
and 106 of nitric acid ; but should the matters be very fatty, more 
nitric acid is recommended. 

According to Gautier, the nitric acid acts on the chlorides, 
forming a nitre-hydrochloric acid, very poor in the latter (hydro* 
chloric) acid, so that the chlorine is expelled with the nitrons 
products without a trace of arsenic chloride being formed. The 
excess of nitric acid also effectually prevents the formation of 
arsenic sulphide. 

Pagel’s process . — The older processes in which arsenic is distilled 
over as chloride of arsenic, according to the researches of Gautier, do 
not yield good results, Schlagdenkaufen and Pagel have, however, 
elaborated a process in which they state that in all cases the total 
amount of arsenic may be recovered in the form of chloride. 

The suspected organic matters are placed in a tubulated retort 
with a mixture of two parts of pure sodium chloride and one part of 
potassium bichromate ; by meansof a funnel tube provided with stopcock, 
pure sulphuric acid is allowed to drop little by little on to the mixture, 
A violent reaction occurs, chromous chloride (Cr0 2 Cl 2 ) gas being pro- 
duced ; the vapours are caused to pass first into a flask cooled with 
water, then through bulbs or other apparatus, the final portion of which 
is charged with a weak solution of potash, The action is aided by 
heat ; the addition of sulphuric acid is continued until no more yellow 
vapours are produced and the carbon disappears. The gas is decom- 
posed by the first washing of water into hydrochloric add and chromic 
acid, Cr0 2 Cl 2 + HjO =Cr0 3 + 2HC1. The heat being continued, sulphur 
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dioxide is produced, which, in its turn, reduces the chromic acid. The 
final green solution, with the various washing water's, are freed from 
sulphur dioxide and submitted to hydric sulphide, while the non- 
volatile metals ai'e tested for in the residue remaining in the flask, 
the residue for this purpose being exhausted with hot water, and the 
solution filtered. 

In all oases the amount of acidity of the solution of the inorganic 
salts should be ascertained by titrating with normal soda an aliquot 
part of the same. 

The liquid is now saturated with a current of gaseous sulphuretted 
hydrogen until it smells strongly of the gas. The flask should now be 
corked and set aside for at least twelve hours, any precipitate is filtered 
off, the liquid is shaken and warmed to expel the excess of sulphuretted 
hydrogen. Sodic acetate is now added in slight excess of the acidity, 
as determined by the titration above mentioned, so as to replace the 
mineral acid by acetic acid. For every 10 c.c. of normal soda T36 
grm. of sodic acetate in theory would exactly replace the mineral acid. 
For example, supposing that the original liquid measured 510 c.c., 
10 c.c. of which was neutralised by 5 c.c. of normal soda, then the 
proper quantity to add of sodic acetate to the 500 c.c. would be 34 
grms. to exactly replace the acid, and an extra couple of grms. so as to 
ensure an excess: in all 36 grms. The liquid is now again saturated 
with sulphuretted hydrogen in order to throw down any zinc as 
sulphide, 

Should a precipitate occur, this is filtered off, and the filtrate 
saturated with ammonium sulphide. 

(a) Precipitate frcm acid H 2 S solution . — Fiona the acid solution, 
the sulphide of a large number of substances may theoretically be 
present in the precipitate, e,g. arsenic, antimony, tin, germanium, 
molybdenum, selenium, tellurium, gold, platinum, iridium, silver, 
mercury, lead, bismuth, oopper, cadmium, palladium, osmium, rhodium, 
and ruthenium ; but it is obvious that many of the above substances 
are not likely to occur in a routine toxicological investigation. These 
sulphides are treated with ammonium sulphide, which dissolves the 
members of the above group up to and including iridium, and leaves 
insoluble the remainder, which may be searched for in the ordinary 
manner (see Lead, Mercury, etc.), 

With regard to the sulphides soluble in ammonium sulphide, we 
need only here consider tin, antimony, and arsenic, and these are best 
separated by Carnot’s method.* The ammonium sulphide solution is 
made acid by means of HC1, and the dissolved sulphides (with sulphur) 
are thrown down; these are collected on a filter, and dissolved by 
* Trctili cT analyse des substances min&aZes, Paris, 189S. 
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means of either HC1 and potassic chlorate or HC1 with a little nitric 
acid ; to the solution is added ammonium oxalate and ammonia, but 
not in sufficient quantity to form a precipitate. The clear solution is 
neated to ebullition and a solution of sodic hyposulphite added ; this 
throws down (with sulphur) the red sulphide of antimony, should 
antimony be present. On separating the precipitate by filtration the 
filtrate is made acid by hydrochloric acid, and a current of hydric 
sulphide passed through, and well boiled to get rid of sulphur dioxide ; 
any arsenic is precipitated as yellow sulphide, and any tin remains in 
solution ; the latter may be separated as bisulphide by saturating the 
filtrate with ammonia, then adding ammonium sulphide, and after a few 
minutes, acetic acid. 

(b) Precipitate from acetic H%8 solution. See Zinc. 

(c) Precipitate from ammonium sulphide. See Chromium , Nickel , 
Cobalt , etc. 

(d) Examine the filtrate for alkalies and alkaline earths. Any 
residue remaining after destroying organic matter and dissolving in 
acids may be specially treated for the detection of silver and barium 
salts, should these be present in an insoluble form. 

The residue is dried and intimately mixed with three times its 
weight of a mixture containing two parts of sodic nitrate and one part 
of sodium hydrate. This is placed, little by little, in a red-hot porcelain 
crucible and melted. The melted mass is cooled, dissolved in a little 
water, a current of C0 2 passed through the solution to convert 
any caustic soda into carbonate, and the solution boiled. The 
insoluble portion consists of carbonates of lead and baryta, and 
of metallic silver, The mixture is filtered ; the insoluble residue on 
the filter is warmed for some time with dilute nitric acid ; the solution 
of nitrates of silver, lead and barium are concentrated on the water- 
bath, nearly to dryness so as to get rid of any excess of add, aud the 
nitrates dissolved in water ; then the silver is precipitated by hydro- 
chloric acid, the lead by SH 2 , and the barium by sulphuric acid. 


VII.— The Spectroscope as an Aid to the Identification 
of certain Poisons. 

§ 33. The spectra of many of the metals, of phosphine, of arsine, 
and of several other inorganic substances, are characteristic and easily 
obtained, 

It is, however, from the employment of the micro-spectroscope that 
the toxicologist is likely to get most assistance. 
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Oscar Brasch * has within the last few years studied spectroscopy in 
relation to the alkaloids and organic poisons. Some of these, when 
mixed with Froehde’s reagent, or with sulphuric acid, or with sulphuric 
acid and potassic dichromate, or with nitric acid, give characteristic 
colours, and the resulting solutions, when examined by a spectroscope, 
for the most part show absorption bands ; these bands may, occasion, 
ally, assist materially in the identification of a poison. By far the best 
apparatus is a micro, spectroscope of the Sorby and Browning type, to 
which is added an apparatus for measuring the position on a scale of 
the lines and bands. Seibert and Kraft of Wetzlar make an excellent 
instrument, in which a small bright triangle is projected on the 
spectrum ; this can be moved by a screw, so that the apex may be 
brought exactly in the centre of any liDe or band, and its position 
read on an outside scale. The first 
thing to be done with such an instm* 
ment is to determine the position on 
the scale of the chief Fraunhofer 
lines, or of the more characteristic 
lines of the alkalies and alkaline 
earths,! the wave lengths of which 
are accurately known. If, now, the 
scale divisions are set out as absciss®, 
and the wave lengths in millionths of 
a millimetre are made the ordinates 
of a diagram, and an equable curve 
plotted out, as fully explained in the 
author’s work on ‘'Foods,” it is easy 
to convert the numbers on the scale 
into wave lengths, and so make the readings applicable to any spectro- 
scope, For the purpose of graphical illustration the curve method is 
convenient, and is adopted in the preceding diagrams, all taken from 
Oscar Brasch ’s monograph. Where the curve is highest, the absorption 
band is thickest ; where the curve is lowest, there the band is weak. 
The fluid to be examined is simply placed in a watch-glass, the watch- 
glass resting on the microscope stand, 

* Ueber Verwcndbarke.it der Spcdroscopie zitr Unterscheidung der Farbcnreac • 
tioncn der Qifte tin Interesse der forensischen Chcmie, Dorpat, 1890. 

t The alkalies and earths used for this purpose, with their wave lengths, are as 
follows : KC1, a line in the red \ 770, in the violet \ 404. Lithium chloride, red 
line, 670'5 ; sodium chloride, yellow, 589 ; strontium chloride, line in the blue, 461. 
It is also useful to measure the green line of thallium chloride = 535. 

Collie, Proc. Hoy. Soc., lxxL 25, 1902, recommends a vacuum tube charged with 
hydrogeu, helium, and mercury vapour ; this gives no less than 15 lines from the red 
He(706'53) to H in the violet (434T). 




CURVES INDICATING THE POSITION OF ABSORPTION BANDS 
ON TREATING CERTAIN ALKALOIDS WITH REAGENTS. 

H G F bE D CB A H G F bB D CB A 
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NOTES TO CURVES INDICATING ABSORPTION BANDS. 

1. Strychnine, treated with sulphuric acid and potasssic dichromate (violet), 

2. Brucine, treated with potassic nitrate and sulphuric acid (clear red), 

3. Quebraehine, treated with vanadium sulphate (dark blue). 

4. Quinine, Vogel’s reaction (red). 

5. Caffeine, Murexid reaction (violet-ied), 

6. Delphinoidin, Froehde’s reagent (cherry-red), 

7. Vera trine, treated with sulphuric acid (straw-yellow), 

8. ,, ,, ,, (cherry -red), 

9. ,, ,, (carmine-red). 

10. Veratriue, Furfurol reaction (blue- violet), 

11 Sabadillin, treated with sulphuric acid (red), 

12, Veratroidiue, ,, ,, (brown-red). 

13, Jervine, Furfurol reaction (blue). 

14, Sabadine ,, ,, (blue). 

15, Sabadine, treated with sulphuric acid (cheny-red). 

16, Physostigminet ,, „ (grass-green). 

17, Morphine, treated with Froehde’s reagent and sugar (dark green). 

18, Narcotinej treated with a mixture of sulphuric acid and nitric acid (30 drops of 

sulphuric to 1 drop of nitric), (red), 

19, Codeine, treated with Froehde’s reagent and sugar (dark violet). 

20, Papaverine, treated with Froehde’s reagent (gpeen-blue). 

21, Sanguinarin, ,, ,, (violet-red). 

22, Chelidonin, ,, sulphate of vanadium (dark green). 

23, Solaniu, „ sulphuric acid and allowed to stand 4 hours (brown-red). 

24, Digitalin, „ Erdmann’s reagent (red). 

25, Aniline, „ sulphuric acid and potassic diehromate (blue). 
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The wave lengths corresponding to the numbers on the scale in the 
diagram are as follows : — 



W.L. 


W.L. 

0 

732 

4 

510-? 

1 

656 

5 . 

480-0 

2 

589-2 

6 

458 

3 

549‘8 

7 

438 


Examination of Blood, or of Blood-Stains. 

§ 34. Spots, supposed to be blood — whether on linen, walls, or 
weapons — should, in. any important case, be photographed before any 
chemical or microscopical examination is undertaken. Blood-spots, 
according to the nature of the material to which the}' are adherent, 
have certain naked-eye peculiarities — e.g. blood on fabrics, if dry, has 
at first a clear carmine-red colour, and part of it soaks into the tissue. 
If, however, the tissue has been worn some time, or was originally 
soiled, either from perspiration, grease, or filth, the colour may not be 
obvious or very distinguishable from other stains ; nevertheless, the 
stains always impart a certain stiffness, as from starch, to the tissue. 
If the blood has fallen on such substances as wood or metal, the spot is 
black, has a bright glistening surface, and, if observed by a lens, 
exhibits radiating fissures and a sort of pattern, which, according- to 
some, is peculiar to each species ; so that a skilled observer might 
identify occasionally, from the pattern alone, the animal whence the 
blood was derived. The blood is dry and brittle, and can often be 
detached, or a splinter of it, as it were, obtained. The edges of the 
splinter, if submitted to transmitted light, are observed to be red. 
Blood upon iron is frequently very intimately adherent ; this is specially 
the case if the stain is upon rusty iron, for haeroatin forms a compound 
with iron oxide. Blood may also have to be recovered from water in 
which soiled articles have been washed, or from walls, or from the soil, 
etc. In such cases the spot is scraped off from walls, plaster, or masonry, 
with as little of the foreign matters as may be, It is also possible to 
obtain the colouring-matter of blood from its solution in water, and 
present it for farther examination in a concentrated form, by the use of 
certain precipitating agents. 

In the following scheme for the examination of blood-stains, it is 
presumedthat only a few spots of blood, or, in any case, a small quantity, 
is at tbe analyst’s disposal, 

(1) The dried spot is submitted to the action of a cold saturated 
solution of borax, This medium (recommended by Dragendorff) * 

* Vntersuchungen von Blutspwrcn in Jfaschka's Handbuch, Bd. i. Halfband 2. 
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does certainly dissolve out of linen and clotli blood-colouring matter 
with great facility. The best way to steep the spots in the solution is 
to scrapie the spot off the fabric, and to digest it in about a cubic 
centimetre of the borax solution, which must not exceed 40° ; the 
coloured solution may be placed in a little glass cell, with parallel walls, 
‘5 centimetre broad and T deep, and submitted to spectroscopic 
examination, either by the ordinary spectroscope or by the micro- 
spectroscope ; if the latter is used, a very minute quantity can be 
examiued, even a single drop. A better solvent is Riegler’s reagent, 
to be described later. In order to interpret the results of this examina- 
tion properly, it will be necessary to be intimately acquainted with the 
spectroscopic appearances of both ancient and fresh blood. 

§ 35. Spectroscopic Appearances of Blood. — Fresh blood defibrin* 
ated, filtered, and examined in a test tube or in a suitable absorption 
cell by a prism spectroscope shows, wheD diluted sufficiently with water, 
two absorption bands, the one near the sodium line well defined, the 
maximum shadow being at wave length 578T ; the other in the green 
with somewhat fluffy edges, therefore less definite in the green, the 
centre of the band being at 5417 ; this two- banded spectrum is that 
of oxyhaemoglobin. The spectrum is graphically represented in fig. 1, 
taken from J. Formanek’s paper.* 

On exposure of the same solution to air, new bands make then- 
appearance ; these new bands are those of methsemoglobin ; the older 
the solution, the more the bands of methaemoglobin tend to intensify, 
the more those of oxyhaemoglobin fade. The spectrum is, however, 
with blood weeks or even months old, always a mixture of oxyhaemo . 
globin and methaemoglobin ; the wave lengths of the two methaemo- 
globin bands centres are respectively 634, and a weak band in the 
green 500'8 (see fig, 2), 

By adding ammonium sulphide to blood the spectrum of haemoglobin 
(fig. 3) is obtained; it shows a weak absorption band (619-8) and a 
broad, somewhat diffuse band (554-7), 

Oxyhaemoglobin solutions treated with alkalies suffer change ; the 
oxyhaemoglobin is separated into haematin and an albuminous body. 
The haematin is soluble in strong soda lye, and shows a single band in 
alcoholic solution, which is situated about X 598'8 (see fig. 6). If this 
alkaline solution of haematin is now treated with a reducing substance, a 
third colouring substance makes its appearance, called by Hoppe-Seyler, 
who discovered it, by the name of haemochromogen ; this shows two 
absorption bands very similar to haemoglobin, but both bands are shifted 
towards the violet end of the spectrum (X 559-1 and X 529'2) (fig. 7). 

* "Ueberdie Absorption Spectra des Blutfarbstoffe^” Zeit, f anal . Chemie, 
1901 , 505 . 
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By utilising the properties of hydraziu, which dissolves the red 
blood corpuscles, and at the same time is a powerful reducing agent, 
Ricgler* has suggested the best general test for blood at present known. 

Riegler’s reagent is prepared as follows : 10 grms. of sodium hydroxide 
are dissolved in 100 ac. of water; to this 5 grms. of hydrazin are 
added, and the whole shaken: lastly, alcohol of 96-97 per cent, is 
added in equal volume, the mixture shaken, allowed to stand for two 
hours and filtered ; the filtrate is used as the reagent. 
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The reagent can be added to one or two drops of blood in a test 
tube, or be used as a solvent for stains on wood, irou, and so forth. 
It may also be used ns a reagent for blood in urine, milk, and other 
fluids, if the blood is small in quantity. In nomalbuminous fluids, it 
is advisable to add a little albumin, acidify with acetic acid, heat to 
boiling, and treat the separated coagulum with the reagent. 

The solution is of a fine p>urple‘ red colour ; and whether the colouring 

* “ Ein neues Reagens zurn Naehweis der verschiedeneu Blutfarbstoffe oder der 
Zersetzuugsprodukte derselbeu,” Zeit f. analytischc Chemic, 1904, 539. 
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matter be derived from blood, oxyhsemoglobin, methsemoglobin, or 
hsematin, the two bands of haimochromogen can be seen in the suitably 
diluted solution; if the solution is shaken up with air, the spectrum 
changes iuto the one-banded alkaline hsematin (fig. 6), as seen in an 
alcoholic solution, but on standing the two-banded spectrum of haemo- 
chi'omogen slowly comes back ; these changes can be traced with the 
naked eye, for the red solution, on shaking with air, takes a greenish 
tint, and then slowly returns back into purple-red. There is no dye 
which possesses similar properties, hence this naked-eye change is 
almost sufficient to identify a red organic substance as blood. Hsemato* 
porphyrin (figs. 8 and 9) is obtained by heating blood carefully for a 
short time with sulphuric acid of a certain concentration. 

Sulphsemoglobin (fig. 10) is obtained by treating diluted blood with 
sulphuretted hydrogen in the presence of air ; it gives a very definite 
band (619‘8); at the same time the oxyhsemoglobin bands fade; this 
is the appearance which may be seen in the blood of persons poisoned 
by hydric sulphide. 

The spectrum of carbon monoxide hsemoglobin (fig. 1 1 ) is that of 
oxyhsemoglobin with the bands slightly displaced towards the violet 
end. 

Formauek, in researches on guinea-pigs, has shown that the maximum 
displacement only occurs when the blood has attained a certain amount 
of saturation with the gas, 

In four animals the blood was examined during life, when the 
convulsions began, and after death, with the following results : — 


In convulsive etage, 
Centre of Caitre of 

chief hand. subsidiary 

hand. 


After death. 

Centre of Centre of 

chi ef band , subsidiary 

band. 


(1) 

A 576 

A 540 

(2) 

A 576 

A 540 

(3) 

A 576 

A 540 

W 




A 572 '5 A 538' 3 

A 5727 A 538 '5 

A 573-0 A 5387 

A 572 7 A 538 '5 


The blood in CO poisoning has also other characteristics. It is of a 
peculiar florid vermilion colour, a colour that is very persistent, lasting 
for days and even weeks. 

Normal blood mixed with 30 per cent, potash solution forms greenish 
streaky clots, while blood charged with CO forms red streaky clots. 

Normal blood diluted to 50 times its volume of water, and then 
treated successively with yellow ammonium sulphide in the proportion 
of 2 to 25 c.c. of blood, followed by 3 drops of acetic acid, gives a 
grey colour, while CO blood remains bright red. CO blood shaken with 
4 times its volume of lead acetate remains red, but normal blood becomes 
brown,* 


M, Rubner, Arch , Hyg., x. 397. 
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Solutions of platinum chloride or zinc chloride give a bright red 
colour with CO blood; normal blood is coloured brown or very dark 
brown. 

Phospho-molybdie acid or 5 per cent phenol gives a carmine-coloured 
precipitate with CO blood, but a reddish-brown precipitate with normal 
blood (sensitive to 16 percent.). 

A mixture of 2 c.c. of dilute acetic acid and 15 c.c. of 20 per cent, 
potassic ferrocyanide solution added to 10 c.e. of CO blood produces an 
intense bright red ; normal blood becomes dark brown. 

Four parts of CO blood, diluted with 4 parts of water and shaken 
with 3 vols. of 1 per cent, tannin solution, become at first bright red 
with a bluish tinge, and remain so persistently. Normal blood, on the 
other hand, also strikes bright red at first, but with a yellowish tinge ; 
at the end of 1 hour it becomes brownish, and finally in 24 hours grey. 
This is stated to be delicate enough to detect 0-0023 per cent, in air. 

If blood be diluted with 40 times its volume of water, and 5 drops 
of phenylhydrazin solution be added, CO blood strikes rose-red ; normal 
blood grey- violet.* 

Gustave Piotrowski f has experimented on the length of time blood 
retains CO. The blood of dogs poisoned by this agent was kept in 
flasks, and then the gas pumped out by means of a mercury -pump on 
the following dates: — 


Date. Content of gas in CO. 


Jan. 12, 1892, 




. 
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.. 20, 

J J ‘ 
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„ 28, 
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1 9 
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20-3 
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„ 16, 

>1 
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, 
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,, 
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„ H, 

J* * 
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1) 

22, 

>1 * 




. 



1-2 

I » 


The same dog was buried on the 12th of January, and exhumed on 
March 28th, and the gas pumped out from some of the blood ; this gas 
gave 11 ‘7 per cent, of CO ; hence it is clear that burial preserves CO 
blood from change to a certain extent. 

N. Grehant j: treated the poisoned blood of a dog with acetic acid, 
and found it evolved 14'4 c.c. CO from 100 c.c, of blood. 

Stevenson, in one of the cases detailed at p, 72, found the blood in 
the right auricle to contain 0'03 per cent, by weight of CO. 

(2) Preparation of Hsematin Crystals — (Teichmann’s crystals). — A 

* A. Welzel, Centr, mod , Wiss,, xxvii. 732-734. 

t Gorrypt , Mend, Soc, de Biol,, v, 433. 

% Compt, Rmd,, cvi, 289, 
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portion of the borax solution is diluted with 5 or 6 parts of water, and 
one or more drops of a 5 or 6 per cent, solution of zinc acetate added, 
so long as a brownish-coloured precipitate is thrown down. The 
precipitate is filtered off by means of a miniature filter, and then 
removed on to a watch-glass. The precipitate may now be dissolved 
in I or 2 c.c. of acetic acid, and examined by the spectroscope it will 
show the spectrum of haematin. A minute crystal of sodium chloride 
being then added to the acetic acid solution, it is allowed to evaporate 
to dryness at the ordinary temperature, and crystals of haematin hydro- 
chlorate result. There are other methods of obtaining the crystals. 
When a drop of fresh blood is simply boiled with glacial acetic acid, 
on evaporation, prismatic crystals are obtained. 

Haematin is insoluble in water, alcohol, chloroform, and in cold dilute 
acetic aud hydrochloric acids. It may, however, be dissolved in an 
alcoholic solution of potassic carbonate, in solutions of the caustic 

alkalies, in boiling acetic and hydro- 
chloric acids, and in Riegler’s re- 
agent. Hoppe-Seyler ascribes to 
the crystals the formula C 6S H 70 N 8 
Fe 2 O 10 2HCl. Thudichum considers 
that the pure crystals contain no 
chlorine, and are therefore those of 
haematin, It is the resistance of 
the haematin to decomposition and 
to ordinary solvents that renders it 
possible to identify a certain stain 
to be that of blood, after long periods of time. Dr. Tidy seems to have 
been able to obtain blood reactions from a stain which was supposed to 
be 100 years old. The crystals are of a dark red colour, and present 
themselves in three forms, of which that of the rhombic prism is the 
most common (see fig,). But crystals like b, having six sides, also 
occur, and also crystals similar to c. 

If the spot under examination has been scraped off an iron implement 
the haematin is not so easily extracted ; but Dragendorff states that borax 
solution at 50° dissolves it, and separates it from the iron. Felletar lias 
also extracted blood in combination with iron rust, by means of warm 
solution of caustic potash, and, after neutralisation with acetic acid, has 
precipitated the haemin by means of tanniu, and obtained from the 
tannin precipitate, by means of acetic acid, Teichmann’s crystals. A 
little of the rust may also be placed in a test tube, powdered ammonium 
chloride added, also a little strong ammonia, and after a time filtered ; 
a small quantity of the filtrate is placed on a slide with a crystal of 
sodium chloride and evaporated at a gentle heat, then glacial acetic acid 
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§ 36 .] 

added and allowed to cool ; in this way htemin crystals Lave been 
obtained from a crowbar fifty days after having been blood-stained,* 

(3) G-uaiacum Test, — This test depends upon the fact that a solution 
of haemoglobin develops a beautiful blue colour if brought into contact 
with fresh tincture of guaiacum and peroxide of hydrogen. The simplest 
way to obtain this reaction is to moisten the suspected stain with distilled 
water ; after allowing sufficient time for the water to dissolve out some 
of the blood constituents, moisten a bit of filter-paper with the weak 
solution thus obtained ; drop on to the moist space a single drop of 
tincture of guaiacum which has been prepared by digesting the inner 
portions of guaiacum resin in alcohol, and which has been already tested 
on known blood, so as to ascertain that it is really good and efficient for 
the purpose ; and, lastly, a few drops of peroxide of hydrogen, Dragen- 
dorff uses his borax solution, and, after a little dilution with water, adds 
the tincture and then Heunefeld’s turpentine solution, which is composed 
of equal parts of absolute alcohol, chloroform, and French turpentine, 
to which one part of acetic acid has been added. The chloroform 
separates, and, if blood was present, is of a blue colour. 

§ 36. To prove by chemical and physical methods that a certain 
stain is that of blood is often only one step in the inquiry, the next 
question being whether tire blood is that of man or of animals. The 
blood corpuscles of man are larger than those of any domestic animal 
inhabiting Europe. The diameter of the average red blood corpuscle is 
about the j-J-j- of a millimetre, or 7'9 /r,f The corpuscles of man and 
of mammals, generally speaking, are round, those of birds and reptiles 
oval, so that there can be no confusion between man and birds, fishes 
or reptiles ; if the corpuscles are circular in shape the blood will be 
that of a mammal. By careful measurements, Dr. Richardson, of 
Pennsylvania, affirms that it is quite possible to distinguish human 
blood from that of all common animals. He maintains, and it is true, 
that, by using very high magnifying powers and taking much trouble, 
an expert can satisfactorily identify human blood if he has some half- 
dozen drops of blood from different animals — such as the sheep, goat, 
horse, dog, cat, etc., all fresh at hand for comparison, and if the hv.man 
blood is normal. However, when we come to the blood of persons 
suffering from disease, there are changes in the diameter and even the 
form of the corpuscles which much complicate the matter; while, in 
blood -stains of any age, the blood corpuscles, even with the most 
artfully-contrived solvent, are so distorted in shape that he would be a 
bold man who should venture on any definite conclusion as to whether 

* Bfit. Med, Joum., Feb. 17, 1894. 

t T 5 V 5 of an inch ; the Greek letter y. is the micro-millimetre, or 1000th of a 
millimetre, '00003937 inch, 
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the blood was certainly human, more especially if he- had to give evi- 
dence in a criminal case. 

Neumann affirms that the pattern which the fibrin or coagulum of 
the blood forms is peculiar to each animal, and Dr. Day, of Geelong, 
lias independently confirmed his researches -. th is very interesting 
observation perhaps has not received the attention it merits. 

When there is sufficient of the blood present to obtain a few millignns. 
of ash, it may be possible to distinguish human blood from that of other 
common mammals by estimating the relative amounts of potassium 
and sodium in the blood. In the blood of the cow, sheep, fowl, pig, 
and horse, the sodium very much exceeds the potassium in the ash; 
thus the proportion of potassium oxide to that of sodium oxide in the 
blood of the sheep is as K 2 0 : Na 2 0 : : 1 : 6 ; in that of the cow, as 1:8; 
in that of the domestic fowl, as 1:16; while the same substances in 
human blood are sometimes equal, and vary from. 1:1 to 1:4 as 
extremes, the mean numbers being as 1:2-2, ' The potassium is 
greater in quantity in the blood corpuscles than in the blood serum ; 
but, even in blood serum, the same marked differences between the 
blood of man and that of many animals is apparent. Thus, the pm- 
portion of potash to soda being as 1 : 10 in human blood, the proportion 
in sheep’s blood is 1 to 15 '7 ; in horse’s serum as 1 to 16'4; and in the 
ox as 1 to 17. Since blood, when burnt, leaves from 6 to 7 per 
thousand of ash, it follows that a quantitative analysis of the relative 
amounts of potassium and sodinm can only be satisfactorily effected 
when sufficient of the blood is at the analyst’s disposal to give a weigh- 
able quantity of mineral matter. On the other brand, much work 
requires to be done before this method of determining that the blood is 
either human, or, at all events, not that of an herbivorous animal, can 
be relied on, We know but little as to the effect of the ingestion of 
sodinm or potassium salts on either man or animals, and it is possible — 
nay, probable— that a more or less entire substitution of the one for 
the other may, on certain diets, take place, Bunge seems in some 
experiments to have found no sodium in the blood of either the cat or 
the dog. 

The source from which the blood has emanated may, in a few cases, 
be conjectured from the discovery, by microscopical examination, of 
hair, or of buccal, nasal, or vaginal epithelium, etc., mixed with the 
blood-stain, 

Biological Test for Human Blood, — A test for distinguishing human 
from animal blood has been devised by Jules Ogier and Herscher.* 
The blood-spot is dissolved in water, and two or three cubic centimetres 
of the solution are placed in test tubes 10 to 12 cm, long and 4 to 5 
* Atm , Ckim , Anal -, 1902, vii, 241. 
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cm. diameter. In similar tubes is placed the same quantity of control 
solutions of human, pigs, oxen, dogs, or other animals’ blood, of 
approximately the same strength. 

To each tube is now added 10 drops of serum from rabbits which 
have been repeatedly subcutaneously injected with human blood. 

The tubes are placed in water at 37-40° C. ; after 10 minutes 
human blood will show a precipitate, which will be copious after half an 
hour. A slight precipitate may be neglected. This test may be also 
applied to old blood-stains. A precipitate is also said to be obtained 
with blood from monkeys. Care should be taken to neutralise the blood 
if it be acid, as it will, if acid, always give a precipitate. When blood 
has been dried on certain materials, such for instance as thick polished 
yellow leather, it has beeu found impossible to get the reaction. 



PART lilt — POISONOUS GASES ; CARBON MONOXIDE- 
CHLORINE— HYDRIC SULPHIDE. 


I. Carbon Monoxide. 

§ 37. Carbon monoxide, CO, is a colourless, odourless gas of 0-96709 
sp. gravity. A litre weighs I '251 33 grm. It is practically insoluble 
in water. It unites with many metals, forming gaseous or volatile 
compounds, e.g, nickel carbon oxide, Ni(CO^), is a fluid volatilising 
at 40°. These compounds have, so far as islnown, the same effects 
as CO. 

Whenever carbon is burned with an insufficient supply of air, CO 
in a certain quantity is produced, It is always present in ordinary 
domestic products of combustion, and must he exhaled from the 
various chimneys of a large city in considerable volumes. A “smoky” 
chimney or a defective flue will therefore introduce carbon monoxide 
into livinguooms. The vapour from burning colve or burning char* 
coal is rich in carbon monoxide, It is always a constituent of coal 
gas ; in England the carbon monoxide in coal ga.s amounts to about 
8 per cent Poisoning by coal gas is practically poisoning by carbon 
monoxide Carbon monoxide is also the chief poisonous constituent 
in water gas. 

Carbon monoxide poisoning occurs far more frequently in France 
and Germany than in England ; in those countries the vapour evolved 
from burning charcoal is a favourite method of suicide, on account of 
the supposed painlessness of . the death It has also occasionally been 
used as an instrument of murder. In this country carbon monoxide 
poisoning mainly takes place accidentally as the effect of breathing coal 
gas ; possibly it is the secret and undetected cans e of ilhhealth where 
chimneys “smoke”; and it may have something to do with the sore 
throats and debility so often noticed when persons breathe for long 
periods air contaminated by small leakages of coal gas. 

The large gas*bumers (geysers) emit in burning under certain con* 
ditions much carbon monoxide, It has been proved, by Grehant * that 
* Compt. Send. Soc. de Biol., ix. 779—780. 
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§ 38 .] 

a btrasen burner ‘'lit below ” also evolves large quantities of the same 
poisonous gas.* 

§38. Symptoms. — Nearly all the experience with regard to the 
symptoms produced by carbon monoxide is derived from breathing not 
the pure gas, but the gas diluted by air, by hydrogen or by carburetted 
hydrogen, as in coal gas, or mixed with large quantities of carbon 
dioxide. Two assistants of Christison breathed the pure gas : the one 
took from two to three inhalations) he immediately became giddy, 
shivered, had headache, and then became unconscious. The second 
took a bigger dose, for, after emptying his lungs as much as possible, 
he took from three to four inhalations; he fell back paralysed, became 
unconscious, and remained half an hour Insensible and had the appear- 
ance of death, the pulse being almost extinguished. He -was treated 
with inhalations of oxygen, but he remained for the rest of the day 
extremely ill ; he had convulsive muscular movements, stupor, headache, 
and quick irregular pulse ; on this passing away he still suffered from 
nausea, giddiness, alternate feeling of heat and chilliness, with some 
fever, and in the night had a restless kind of sleep. The chemist 
Chenot was accidentally poisoned by the pure gas, and is stated to have 
fell as if struck by lightniug after a single inspiration, aud remained 
for a quarter of an hour unconscious. Other recorded cases have shown 
very similar symptoms. 

The pulse is at the onset large, full and frequent; it afterwards 
becomes small, slow and irregular, The temperature sinks from 1° to 3° 
C. The respiration at first slow, later becomes rattling. As vomiting 
occurs often when the sufferer is insensible, the vomited matters have 
beeu drawn by inspiration into the trachea and even into the bronchi, 
so that death takes place by suffocation. 

Tire fatal coma may last, even when the person has been removed from 
the gas, from hours to days. Coma for three, four and five days from 
carbon monoxide has been frequently observed, The longest case on 
record is that of a person who was comatose for eight days, aud died on 
the twelfth day after the fatal inhalation. Consciousness in this case 
returned, but the patient again fell into the stupor and died. 

The slighter kinds of poisoning by carbon monoxide, as in the 
Staffordshire case recorded by Dr. Eeid (p. 73), in which for a long time 
a much dihrted gas has been breathed, produce pronounced headache 
and a feeling of ill-health and malaise, deepening, it may be, into a fatal 
slumber unless the person is removed from the deadly atmosphere. To 
the headache generally succeeds nausea, a feeling of oppression in the 

* Thorpe ( J , Chenv Soc., xxxiii. 318, 1903)has shown tliatan ordinary buusen 
burner beating a sand tray evolves about 0'022 of a cubic foot of carbon monoxide 
per hour, 
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temples, a noise in the ears, feebleness, anxiety, and a dazed condition, 
dee peni ng into coma. It is probably true that charcoal vapour is com. 
paratively painless, for wheu larger amounts of the gas are breathed the 
insensibility comes on rapidly and the faces of those who have sue. 
cumbed as a rule are placid. Vomiting, without being constant, is a 
frequent symptom, and in fatal cases the feces and urine are passed in- 
voluntarily. There are occasional deviations from this picture ; tetanic 
stiychnine-like convulsions have been noticed, and a condition of excite- 
ment in the non-fatal cases as if from alcohol ; in still rarer cases tem- 
porary mania has been produced. 

In non-fatal but moderately severe cases of poisoning sequel® follow, 
which in some respects imitate the sequel® seen on recovery from the 
infectious fevers. A weakness of the understanding, incapacity for 
rational and connected thought, and even insanity have been noticed. 
There is a special liability to local inflammations, which may pass into 
gangrene. Various paralyses have been observed. Eruptions of the 
skin, such as herpes, pemphigus and others. Sugar in the urine is an 
almost constant concomitant of carbon monoxide poisoning. 

§ 39. The poisonous action of carbon monoxide is, without doubt, 
due to the fact that it is readily absorbed by the blood, entering into a 
definite chemical compound with the h®moglobin ; this combination is 
more stable than the similar compound with oxygen gas, and is therefore 
slow in elimination. 

Hence the blood of an animal remaining in an atmosphere containing 
carbon monoxide is continually getting poorer in oxygen, richer in carbon 
monoxide. Grehant has shown that if an animal breathes for one hour 
a mixture of 0'5 carbon monoxide to 1000 oxygen, the blood contains at 
the end of that time one-third less oxygen than normal, and contains 
152 times more carbon monoxide than in the mixture. An atmosphere 
of 10 per cent, carbon monoxide changes the blood so quickly, that 
after from 10 to 25 seconds the blood contains 4 per cent, of carbon mon- 
oxide, and after from 75 to 90 seconds 1 8'4 per cent. Breathing even 
for half an hour an atmosphere containing from 0'07 to 0'12 per cent, 
carbon monoxide renders a fourth part of the red corpuscles of the blood 
incapable of uniting with oxygen, 

The blood is, however, never saturated with carbon monoxide, for 
the animal dies long before this takes place. 

The characteristics of the blood and its spectroscopic appearances 
are described at p. 62. 

Besides the action on the blood there is an action on the nervous 
system, Robert,* in relation to this subject, says : — “ That CO has a 
direct action on the nervous system is shown in a marked manner when 

* Lehrluch der Intoxicationen, 526. 
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an atmosphere of oxygen, with at least 20 per cent, carbon oxide, is 
breathed ; for in the first minute there is acute cramp or total paralysis 
of the limbs, when the blood in no way attains the saturation sufficiently 
great to account for such symptoms. Geppert has, through a special 
research, shown that an animal suffocated by withdrawal of oxygen 
increases the number and depth of the respirations; but when the 
animal is submitted to CO, in which case there is quite as much a with- 
drawal of oxygen as in the former case, yet the animal is not in a condition 
to strengthen its respiratory movements ; Geppert hence rightly concludes 
that CO must have a primary specific injurious action on the nerve 
centres. I (Kobert) am inclined to go a step further, and, on the ground 
of unpublished researches, to maintain that CO not only affects in- 
juriously the ganglion cells of the brain, but also the peripheral nerves 
(e.g. the phrenic), as well as divers other tissues, as muscles and glands, 
and that it causes so rapidly such a high degree of degeneration as not 
to be explained through simple slow suffocation ; even gangrene may be 
caused.” 

It is this rapid degeneration which is the cause of the enormous 
increase of the products of the decomposition of albumin, found experi- 
mentally in animals. 

§ 40. Postmortem Appearances. — The face, neck, chest, abdomen 
are frequently covered with patches of irregular form and of clear rose- 
red or bluisbred colour ; these patches are not noticed on the back, and 
thus do not depend upon the gravitation of the blood to the lower or 
most dependent part of the body; similar red patches have been noticed 
in poisoning by prussic acid ; the cause of this phenomenon is ascribed 
to the paralysis of the small arteries of the skin, which, therefore, 
become injected with the changed blood, Tbe blood throughout is 
generally fluid, and of a fine peculiar red colour, with a bluish tinge. 
The face is mostly calm, pale, and there is seldom any foam about the 
lips. Putrefaction is mostly remarkably retarded. There is nearly 
always a congestion of some of the internal organs ; sometimes, and 
indeed usually, the membranes of the brain are strongly injected ; 
sometimes the congestion is mainly in the lungs, which may be 
cedematous with effusion ; and in a third class of cases the congestion is 
most marked in the abdominal cavity, 

The right heart is commonly filled with blood, and the left side 
contains only a little blood. 

A rabbit that Kionka poisoned twelve times in as many days with 
carbon monoxide, and through artificial respiration restored, was two 
days later killed and examined : there were haemorrhages in both lungs 
occlusion of vessels and haemorrhagic infarcti in the intestines, and 
haemorrhages in the liver. In some cases there have been noticed, 
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small areas of softening in the human brain in cases of CO poisoning ; 
these may be explained by the light of the appearances just described 
as caused by small thrombi in the brain vessels. 

Poisoning by a small dose of carbon monoxide may produce but few 
striking changes, and then it is only by a cateful examination of the 
blood that evidence of the real nature of the case will be obtained. 

§ 41. Mass poisonings by Carbon Monoxide. — An interesting series 
of cases of poisoning by water gas occurred at Leeds in 1889, and have 
been recorded by Dr. Thos. Stevenson.* 

Water gas is made by placing coke in a vertical cylinder and heating 
the coke to a red heat. Through the redbot coke, air is forced up 
from below for ten minutes ; then the air is shut off and steam passes 
from above downwards for four minutes ; the gas passes through a 
scrubber, and then through a ferric oxide purifier to remove SH 2 . It 
contains about 50 per cent, of hydrogen and 40 per cent, of carbon 
monoxide, that is, about five times more carbon monoxide than coal 
gas. 

On November 20, 1889, two men, R. French and H, Fenwick, both 
intemperate men, occupied a cabin at the Leeds Forge Works ; the 
cabin was 540 c. feet in capacity, and was lighted by two burners, each 
burning 55 c, feet of water gas per hour ; the cabin was warmed by a 
cooking stove, also burning water gas, the products of combustion 
escaping into the cabin. Both men went into the cabin after breakfast 
(8.30 am.). French was seen often going to and fro, and Fenwick was 
seen outside at 10.30 a.m. At 11.30 the foreman accompanied French 
to the cabin, and found Fenwick asleep, as he thought. At 12.30 p.m. 
French’s son took the men their dinner, which was afterwards found 
uneaten, At that time French also appeared to be asleep ; he was 
shaken by his son, upon which he nodded to his son to leave. The 
door of the cabin appears to have been shut, and all through the morn> 
ing the lights kept burning ; no smell was experienced. At 2.30 p.m. 
both the men were discovered dead. It was subsequently found that 
the stove was unlighted, and the water gas supply turned on. 

What attracted most attention to this case was the strange incident 
at the postmortem examination, The autopsies were begun two days 
after the death, November 22, in a room of 39,000 c. feet capacity. 
There were present Mr, T, Scattergood (senior), Mr. Arthur Scattergood 
(junior), Mr. Hargreaves, three local surgeons, Messrs. Brown, Loe and 
Jessop, and two assistants, Pugh and Spray. Arthur Scattergood first 
fainted ; Mr, Scattergood, senior, also had some peculiar sensations, viz., 
tingling in the head and slight giddiness ; then Mr, Pugh became faint 
and staggered ; and Mr, Loe, Mr, Brown, and Mr. Spray all complained. 

* Guy's Hospital Repo^'ts, 1889. 
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These symptoms were not produced, as was at first thought, by some 
volatile gas or vapour emanating from the bodies of the poisoned men, 
but, as subsequently discovered, ailmitted of a very simple explanation ; 
eight burners in the room were turned partly on and not lighted, and 
each of the eight burners poured water gas into the room. 

In 1891 occurred some cases of poisoning * by CO which are probably 
unique. The cases in question happened in January in a family at 
Dariaston. The first sign of anything unusual having happened to the 
family most affected was the fact that up to 9 a.m., Sunday morning, 
January 18, none of the family had been seen about. The house was 
broken into by the neighbours ; and the father, mother, and three 
children were found in bed apparently asleep, and all efforts to rouse 
them utterly failed. The medical men summoned arrived about 10 a.m. 
and found the father and mother in a state of complete unconsciousness, 
and two of the children, aged 11 and 14 years, suffering from pain and 
sickness and diarrhoea ; the third child had by this time been removed 
to a neighbouring cottage. 

Dr. Partridge, who was in attendance, remained with the patients three 
hours, when he also began to suffer from headache ; while others, who 
remained in the house longer, suffered more severely and complained of 
air indefinite feeling of exhaustion. These symptoms pointed to some 
exciting cause associated with the surroundings of the cottage; conse* 
quently, in the afternoon the two children were removed to another 
cottage, and later on the father and mother also. All the patients, with 
the exception of the mother, who was still four days afterwards suffering 
from the effects of an acute attack, had completely recovered. The 
opinion that the illness was owing to some local cause was subsequently 
strengthened by the fact that two canaries and a cat had died in the 
night in the kitchen of the cottage ; the former in a cage and tbe latter 
in a cupboard, the door of which was open. Also in a house on the 
opposite side of the same road, the occupants of which had for some time 
suffered from headache and depression, two birds were found dead in 
their cage in the kitchen, It is important to notice that all these animals 
died in the respective kitchens of the cottages, and, therefore, on the 
grouud floor, while the families occupied the first floor, 

The father stated that for a fortnight or three weeks previous tx> the 
serious illness, he and the whole family had complained of severe frontal 
headache and a feeling of general depression, This feeling was continuous 
day and night in die case of the test of the family, but in his case, 
during the day, after leaving the house for his work, it gradually passed 

* "Notes on cases of poisoning by the inhalation of carbon monoxide,” by Dr. 
George Reid r Medical Officer of Health, County of Stafford, Public Health, vol. iii. 
364 , 
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off, to return again during the night. The headaches were so intense 
that the whole family regularly applied vinegar rags to their heads, on 
going to bed each night during this period, for about three weeks. 
About 2 o’clock on Sunday morning the headaches became so severe 
that the mother got out of bed and renewed the application of vinegar 
and water all round, after which they all fell asleep, and, so far as the 
father and mother were concerned, remained completely unconscious 
until Monday morning. 

A man who occupied the house opposite the house tenanted by the 
last-mentioned family informed the narrator (Dr. Reid) that on Sunday 
morning the family, consisting of four, were taken seriously ill with a 
feeling of sickness and depression accompanied by headache ; and he 
also stated that for some time they had smelt what he termed a “fire 
stink ” issuing from the cellar. 

The cottage in which the family lived that had suffered so severely 
was situated about 20 or 30 yards from the shaft of a disused coal mine, 
and was the end house of a row of cottages. It had a cellar opening 
into the outer air, but this opening wasusually covered over by means of 
a piece of wood. The adjoining house to this, the occupants of which 
had for some time suffered from headache, although to a less extent, had 
a cellar with a similar opening, but supplied with an ill-fitting cover. 
The house on the opposite side of the road, in which the two birds were 
found dead, had a cellar opening both at the front and the back ; but 
both these openings, until a little before the occurrence detailed, had 
been kept closed. Tire cellars in all cases communicated with the houses 
by means of doors opening into the kitchens, According to the general 
account of the occupants, the cellars had smelled of “ fire stink,” which, 
in their opinion, proceeded from the adjoiniug mine, 

The shaft of the disused mine communicated with a mine in working 
order, and, to encourage the ventilation in this mine, a furnace had for 
some weeks been lit and suspended in the shaft. This furnace had set 
fire to the coal in the disused mine and smoke had been issuing from 
the shaft for four weeks previously, Two days previous to the inquiry 
the opening of the shaft had been closed over with a view to extinguish 
the fire. 

Dr, Reid considered, from the symptoms and all the circumstances of 
the case, that the illness was due to carbon monoxide gas penetrating into 
the cellars from the mine, and from thence to the living and sleeping 
rooms, A sample of the air yielded 0'015 per cent, of carbon mouoxide, 
although the sample had been taken after the cellar windows had been 
open, for twenty-four hours. 

§ 42, Penetration of Carbon Monoxide, — It is not always sufficient 
to detect carbon monoxide in the blood to establish death from that 
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gas, for circumstances may arise under which a corpse is exposed to 
either coal gas or carbon monoxide gas. Wachholz and Lemberger* 
placed the bodies of still-born infants in glass vessels and passed CO 
through the vessels ; in half an hour the blue cadaverous spots became 
bright red, and the blood exhibited the spectrum of carbon monoxide 
haemoglobin. 

Domenic Mirto made some experiments of a like nature and 
concluded — 

(1) That in post-mortem ftusion the anterior part of the liver 

was rich in carbon monoxide, but in poisoning the gas is 

equally diffused. 

(2) In post-mortem diffusion the pia mater scarcely ever contains 

carbon monoxide, the choroid plexus never. 

(3) The deep parts of the body contain less than the superficial in 

the case of diffusion, the reverse is the case in poisoning. 

Straussmann and Schulz, in a research on sevai adult bodies, fairly 
well agree with Mirto, save that they believe that, given sufficient 
time, there is no part of the body into which carbon monoxide will not 
penetrate. 

§ 43. Detection of Carbon Monoxide. — It may often he necessary to 
detect carbon monoxide in air and to estimate its amount. The detection 
in air, if the carbon monoxide is in any quantity, is easy enough ; but 
traces of carbon monoxide are difficult Where amounts of carbon 
monoxide in air from half a per cent upwards are reasonably presumed to 
exist, the air is measured in a gas measuring apparatus and passed into an 
absorption pipette charged with alkaline pyrogallic acid, and when all the 
oxygen has been abstracted, then the residual nitrogen and gases are 
submitted to an ammouiacal solution of cuprous chloride. 

The solution of cuprous chloride is prepared by dissolving 10 3 grnis. 
of copper oxide in 1 50 c.c. of strong hydrochloric acid and filling the flask 
with copper turnings ; the copper reduces the euprie chloride to cuprous 
chloride; the end of the reduction is knowu by the solution becoming 
colourless. The colourless acid solution is poured into some 1500 c.c. of 
water, and the cuprous chloride settles to the bottom as a precipitate. 
The supernatant fluid is poured off as completely as possible and the 
precipitate washed into a quarter litre flash, with 100 to 150 C.C. of dis- 
tilled water and ammonia led into the solution until it becomes of a pale 
blue colour, The solution is made up to 200 c.c. so as to contain about 
7'3 grms, per cent, of cuprous chloride. 

Such a solution is an absorbent of carbon monoxide ; it also absorbs 
ethylene and acetylene, 

* 11 De la penetration de l’oxyde de Carbon,” Ann. d’ Hygiene pubUtpu, 
sei\, iii, 175, 
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A solution of cuprous chloride which has absorbed CO gives it up on 
being treated with potassic bichromate and acid. It has been proposed . 
by Wanklyn to deprive large quantities of air of oxygen, then to absorb 
any carbon monoxide present with cuprous chloride, and, lastly, to 
free the cuprous chloride from the last gas by treatment with acid 
bichromate, so as to be able to study the properties of a small quantity 
of pure gas. 

A more reliable method to detect small quantities of carbon monoxide 
is, however, as proposed by Hempel, to absorb it in the lungs of a living 
animal. 

A mouse is placed between two funnels joined together at their 
months by a baud of thin rubber ; one of the ends of the double funnel 
is connected with an aspirator, and the air thus sucked through, say for 
half an hour or more ; the mouse is then killed by drowning, and a 
control mouse, which has not been exposed to a CO atmosphere, is also 
drowned ; the bodies of both mice are cut in two in the region of the 
heart, and the blood collected. Each sample of blood is diluted in the 
same proportion and spectroscopically examined in the manner detailed 
at p. 60. The limit of the test lies at about 0'03 per cent, when large 
volumes of the gas are used. 

A more delicate reaction, and one which may be used for the estima- 
tion of CO, is that of Nicloux and Gautier. The gas to be examined is 
freed from unsaturated hydrocarbon by shaking with fuming sulphuric 
acid, and from carbon dioxide by passing over soda-lime ; it is then 
passed over iodine pentoxide heated by means of an oil-bath to a 
temperature of from 150°-200°. The iodine pentoxide is decomposed in 
accordance with the equation I 2 0 5 + 5CO = I 2 + 5C0 2 , the liberated iodine 
is caught in 10 per cent, potassium iodide, and may be determined by 
N 

sodium thiosulphate, Thorpe,* using this method, has obtained 
good results with as little as '0025 per cent, of carbon monoxide. 


II.— Chlorine. 

§ 44, Chlorine is a yellow-green gas, which may, by cold and pressure, 
be condensed into a liquid, Its specific gravity is, as compared with 
hydrogen,- 3 5 '3 7 ; as compared with air, 2'45 ; a litre under standard 
conditions weighs 3'167 grms, It is soluble in water, 

The usual method of preparation is the addition of hydrochloric acid 
to bleaching powder, which latter substance is hypochlorite of lime 
mixed with calcic chloride and, it may be, a little caustic lime. Another 
* lxxxiii. 318, 1903. 
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method is to treat manganese dioxide with hjdrocliloric acid or to act 
on manganese dioxide and common salt with sulphuric acid. 

Accidents are liable to occur with chlorine gas from its extensive use 
as a disinfectant and also in its manufacture. In the “ Weldon ” process 
of manufacturing bleaching powder, a thick layer of lime is placed on 
the floor of special chambers ; chlorine gas is passed into these chambers 
for about four days ; then the gas is turned off ; the unabsorbed gas is 
drawn off by an exhaust or absorbed by a lime distributor and the doors 
opened. Two hours afterwards the men go in to pack the powder, 
The packers, in order to be able to work in the chambers, wear a 
respirator consisting of about thirty folds of damp flannel ; this is tightly 
bound round the mouth with the nostrils free and resting upon it. The 
men are obliged to inhale the breath through the flannel and exhale 
through the nostril, otherwise they would, in technical jargon, be 
“gassed.” Some also wear goggles to protect their eyes. hiotwitk- 
standing these precautions they suffer generally from chest complaints. 

§45. Effects. — Free chlorine, in the proportion of 0'04 to 0'06 per 
thousand, taken into the lungs is dangerous to life, since directly 
chlorine attacks a moist mucous membrane, hydrochloric acid is formed. 
The effects of chlorine can hardly be differentiated from hydrochloric 
acid gas, and Lehmann found that 1 '5 per thousand of this latter gas 
.affected animals, causing at once uneasiness, evidence of pain with great 
dyspnoea, and, later, coma. The eyes and the mucous membrane of the 
nose were attacked. Anatomical changes took place in the cornea, as 
evidenced by a wliite opacity. 

In cases that recovered, a purulent discharge came from the nostrils 
with occasional necrosis of the mucous membrane. The symptoms in 
man are similar ; there is great tightness of the breath, irritation of the 
nose and eyes, cough and, with small repeated doses, bronchitis with all 
its attendant evils. Bleaching powder taken by the mouth is not so 
deadly, Hertwig has given 1000 grms. to horses, 30 grms. to sheep and 
goats, and 15 grms. to dogs without producing death. The symptonis 
in these cases were quickening of the pulse and respiration, increased 
peristaltic action of the bowels, and a stimulation of the kidney secretion. 
The urine smelt of chlorine, 

Post-mortem Appearances, — Hypersemia of the lungs, with ecchy- 
moses and pneumonic patches, with increased secretion of the bronchial 
tubes In the mucous membrane of the stomach, ecchymoses. The 
alkalescence of the blood is diminished and there may be external signs 
of bleaching. Only exceptionally has any chlorine smell been perceived 
in the internal organs, 

§46, Detection of Free Chlorine, — The usual method of detection is 
to prepare a solution of iodide of potassium and starch and to soak strips 
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of filter-paper in this solution. Such a strip, -when moistened and 
submitted to a chlorine atmosphere, is at once turned blue, because 
chlorine displaces iodine from its combination with potassium. Litmus- 
paper, indigo blue or other vegetable colours are at once bleached. 

To estimate the amount of chlorine, a known volume of the air is 
drawn through a solution of potassium iodide, and the amount of iodine 
set free determined by titration with sodic hyposulphite, as detailed 
at p. 80. 


III. — Hydric Sulphide (Sulphuretted Hydrogen), 

§ 47. Hydric sulphide, SH 2 , is a colourless transparent gas of sp. 
gravity 1T78. It burns with a blue flame, forming water and sulphur 
dioxide, and is soluble in water; water absorbing about three volumes 
at ordinary temperatures. It is decomposed by either chlorine gas or 
sulphur dioxide. 

It is a common gas as a constituent of the air of sewers or cesspools, 
and emanates from moist slag or moist earth containing pyrites or 
metallic sulphides ; it also occurs whenever albuminous matter putre- 
fies ; hence it is a common constituent of the emanations from oorpses of 
either man or animals. It has a peculiar and intense odour, generally 
compared to that of rotten eggs ; this is really not a good comparison, 
for it is comparing the gas with itself, rotten eggs always producing 
SH 2 ; it is often associated with ammonium sulphide. 

§ 48. Effects. — Pure hydric sulphide is never met with out of the 
chemist’s laboratory, in which it is a common reagent either as a gas or 
in solution ; so that the few cases of poisoning by the pure gas, or 
rather the pure gas mixed with ordinary air, have been confined to 
laboratories, 

The greater number of cases have occurred accidentally to men 
working in sewers, or cleaning out cesspools and the like. In small 
quantities it is always present in the air of towns, as shown by the 
blackening of any silver ornament not kept bright by frequent use. 
In the construction of a graving dock at Hebburn-on-Tyne, July 1902, 
three workmen lost their lives through breathing SH 2 . They had to 
enter a large iron caisson, the excavation at the bottom of which had 
reached some old alkali waste, and the water, as subsequent analysis 
showed, contained 12 '2 volumes per cent, of SH 2 . The first workman 
had been in twenty minutes when screams were heard ; a second man 
went to his assistance, shouted and fell to the bottom ; the same fate 
befell a third, The post-mortem examination showed the heart normal, 
right side flaccid and empty, left hard and firmly contracted. No 
odour of hydric sulphide in the body. Lungs pale and oedematous. 
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Liver dark. Blood dark and liquid. The spectroscope showed no 
carbon monoxide bands.* 

It is distinctly a blood poison, the gas uniting with the alkali of the 
blood, and the sulphide thus produced partly decomposing again in the 
lung and breathed out as SH 2 . In one sense it acts as a reducing 
agent, for it robs cells of loosely bound 0, and therefore kills them by 
deprivation of oxygen ; it also attacks labile groups, as it substitutes in 
the aldehyde group sulphur. 

It is a poison for all organisms, even the bacteria of putrefaction 
only bearing up to | per cent. Lehmann t has studied the effects on 
animals ; an atmosphere containing from 1 to 3 per thousand of SH, 
kills rabbits and cats within ten minutes ; the symptoms are mainly 
convulsions and great dyspnoea. An atmosphere containing from 04 to 
0'8 per thousand produces a local irritating action on the mucous mem. 
branes of the respiratory tract* and death follows from an inflammatory 
oedema of the lung preceded by convulsions ; there is also a paralysis of 
the nervous centres. Lehmann has recorded the case of three men who 
breathed 0'2 per thousand of SH 2 : within from five to eight minutes 
there was intense irritation of the eyes, nose, and throat, and after 
thirty minutes they were unable to hear the atmosphere any longer. 
Air containing 0'5 per thousand of SH 2 is, according to Lehmann, the 
utmost amount that can be breathed; this amount causes in half an 
hour smarting of the eyes, nasal catarrh, dyspnoea, cough, palpitation, 
shivering, great muscular weakness, headache and faintness with cold 
sweats. O' 7 to 0'8 per thousand is dangerous to human life, and from 
1 to 1'5 per thousand destroys life rapidly, The symptoms may occur 
some little time after the withdrawal of the person from the poisonous 
atmosphere ; for example, Cahn records the case of a student who pre* 
pared SH 2 in a laboratory and was exposed to the gas for two hours ; 
he then went home to dinner and the symptoms first commenced in 
more than an hour after the first breathing of pure air. Taylor 1 re- 
cords an unusual case of poisoning in 1857 at Cleator Moor. Some 
cottages had been built upon iron slag, the slag contained sulphides of 
calcium and iron ; a heavy storm of rain washed through the slag and 
considerable volumes of SHg with, no doubt, other gases diffused dur- 
ing the night through the cottages and killed three adults and three 
children. 

§ 49. Post-mortem Appearances. — The so-called apoplectic form of 
SH 2 poisoning, in which the sufferer dies within a minute or two, shows 


* "Fatalities to workmen breathing sulphuretted hydrogen,” by Thos. Oliver, 
M.D., Lancet, Jan. 26, 1903. 

t JL B. Lehmann, Arch /, Hygiinie, xiv,, 1892, 135. 

% Principles and Practice of Medl. Jwrisp vol. ii, 122. 
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no special change. The most frequent change in slower poisoning is, 
accenting to Lehmann, oedema of the lungs. A green colour of the 
face and of the whole body is sometimes present, but not constant. A 
spectroscopic examination of the blood may also not lead to any con- 
clusion, the more especially as the spectrum of sulphur methsemoglobin 
may occur in any putrid blood. The pupils in some cases have been 
found dilated ; in others not so. 

Chronic poisoning. — Chronic poisoning by S£L, is of considerable 
interest in a public health point of view. The symptoms appear to be 
conjunctivitis, headache, dyspepsia and anaemia. A predisposition to 
boils has also been noted. 

§ 50. Detection — Both ammonium and hydric sulphides blacken 
silver and .filter-paper moistened with acetate of lead solution. To test 
for hydric sulphide in air, a known quantity may be aspirated through a 
little solution of lead acetate. To estimate the quantity a decinormal 
solution of iodine in potassium iodide* solution is used, and its exact 
strength determined by d.n. sodic hyposulphite solution jt the hypo- 
sulphite is run in from a burette into a known volume, e.g, 50 c.c. , of 
the d.n. iodine solution, until the yellow colour is almost gone ■ then a 
drop or two of fresh starch solution is added and the hyposulphite run 
in carefully, drop by drop, until the blue colour of the starch dis- 
appears. If now a known volume of air is drawn through 50 c.c. of the 
dm. iodine solution, the reaction I 2 + SH, = 2HI + S will take place, and 
for every 127 parts of iodine which have been converted into hydriodic 
acid 17 parts by weight of SH 2 will be necessary ; hence on titrating 
the 50 o,c. of don, iodine solution, through which air containing SH 2 has 
been passed, less hyposulphite will be used than on the previous occa- 
sion, each c.c. of the hyposulphite solution being equal to I'll c.c. or 
to I '7 mgrm, of SH 2 . 

* 12'7 grms, of iodine, 16‘6 grins, of potassium iodide, dissolved in a litre of 
water, 

t 24'8 grms. of sodic hyposulphite, dissolved in a litre of water, 
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SULPHURIC ACID -HYDROCHLORIC ACID— NITRIC ACID- 
ACETIC ACID— AMMONIA— POTASH— SODA— NEUTRAL 
SODIUM, POTASSIUM, AND AMMONIUM SALTS. 


I.— Sulphuric Acid. 

§ 51. Sulphuric acid (hydric sulphate, oil of vitriol, H 2 S0 4 ) occurs 
in commerce iu varying degrees of strength or dilution ; the strong sul 
phuricacidof the manufacturer, containing 100 per cent, of real acid 
(H 2 S0 4 ), has a specific gravity of 1'850, The ordinary brown acid of 
commerce, coloured by organic matter and holding in solution metallic 
impurities, chiefly lead and arsenic, has a specific gravity of about 
I ‘750 ; and contains 67 95 of anhydrous S0 3 =85'42 of hydric sulphate. 

There are also weaker acids used iu commerce, particularly in maim- 
factories in which sulphuric acid is made, for special purposes without 
rectification. The British Pharma oopceia sulphuric acid is directed 
to be of 1 '843 specific gravity, which corresponds to 7S‘6 per cent, 
sulphuric anhydride, or 98'8 per cent of hydric sulphate. The dilute 
sulphuric acid of the Pharmacopoeia should have a specific gravity of 
1'094, and is usually said to correspond to 1014 per cent, of anhydrous 
sulphuric add ; but according to the tables of lunge and Isler this 
density corresponds to 11 -05 pet' cent. S0 3 . 

Tlie genaul characters of sulphuric acid are as follows : — When 
pure, it is a colourless, or, when impure, a dark brown to black, oily 
liquid, without odour at common temperatures, of an exceedingly acid 
taste, charring most organic tissues rapidly, and, if mixed with water, 
evolving much heat. If 4 parts of the strong acid are mixed with 1 
part of water at 0°, the mixture rises to a heat of 100°; a still greater 
heat is evolved by mixing 75 parts of acid with 27 of water. 

Sulphuric acid is powerfully hygroscopic — 3 parts will, in an 
ordinary atmosphere, increase to nearly 4 in twenty-four hours : in 

8i 6 
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common with all acids, it reddens litmus, yellows cochineal, and changes 
all vegetable colours. There is another form of sulphuric acid, ex' 
tensively used in the arts, known under the name of "Nordhausen 
sulphuric acid,” “ fuming acid,” formula H 2 S 2 0 4 . This acid is produced 
by the distillation of dry ferrous sulphate, at a nearly white heat — 
either in earthenware or in green glass retorts ; the distillate is received 
in sulphuric acid. As thus manufactured, it is a dark fuming liquid, 
of 1'9 specific gravity, and boiling at 53°. When artificially cooled 
down to 0°, the acid gradually deposits crystals, which consist of a 
definite compound of 2 atoms of anhydrous sulphuric acid and 1 atom 
of water, There is some doubt as to the molecular composition of 
Nordhausen acid; it is usually considered as hydric sulphate saturated 
with sulphur dioxide. This acid is manufactured chiefly in Bohemia, 
and is used, on. a large scale, as a solvent for alizarine. 

§ 52. Sulphur Trioxide, or Sulphuric Anhydride (S0 3 ) , itself may 
be met with in scientific laboratories, but is not in commerce, Sulphur 
trioxide forms thin needle-shaped crystals, arranged in feathery groups. 
Seen in mass, it is white, and has something the appearance of asbestos. 
It fuses to a liquid at about 18°, boils at 35°, but, after this operation 
has been performed, the substance assumes an allotropic condition, and 
then remains solid up to 100°; above 100° it melts, volatilises, and 
returns to its normal condition. Sulphuric anhydride hisses when it 
is thrown into water, chemical combination taking place and sulphuric 
acid being formed. Sulphur trioxide is excessively corrosive and 
poisonous. 

Besides the above forms of acid, there is an officinal preparation 
called "Aromatic Sulphuric Acid,” made by digesting sulphuric acid, 
rectified spirit, ginger, and cinnamon together. It contains 10'19 per 
cent, of S0 3 , alcohol, and principles extracted from cinnamon and 
ginger. 

§ 53. Sulphuric acid, in the free state, may not nnfrequently be found 
in nature. The senior author has had under examination an effluent 
water from, a Devonshire mine, which contained more than one grain 
of free sulphuric acid per gallon, and was accused, with justice, of 
destroying the fish in a river. It also exists in large quantities in 
volcanic springs. In a torrent flowing from the volcano of Pared, in 
the Andes, Boussingault calculated that 15,000 tons of sulphuric acid 
and 11,000 tons of hydrochloric acid were yearly carried down. In the 
animal and vegetable kingdom, sulphuric acid exists, as a rule, in 
combination with bases, but there is an exception in the saliva of the 
Dolium galea, a Sicilian mollusc 

§ 54. Statistics. — "When something like 900,000 tons of sulphuric 
acid are produced annually in England alone, and when it is considered 
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that sulphuric acid is used in the manufacture of most other acids, in 
the alkali trade, in the manufacture of indigo, in the soap trade, in the 
manufacture of artificial manure, and in a number of technical processes, 
there is no cause for surprise that it should be the annual cause of 
many deaths. 

The number of deaths from sulphuric acid will vary, other things 
being equal, in each country, according to the manufactures in that 
country employing sulphuric acid. The number of cases of poisoning 
in England and Wales for the ten years ending 1903 was as follows : — 

DEATHS FROM SULPHURIC ACID IN ENGLAND AND WALES FOR 
THE TEN YEARS ENDING 1903. 


Accident 
Males, . 

on Negligence. 

34 

Males, . 

Suicide. 

. 30 

Females, 

. 

9 

Females, 

, 

. 22 


Total, 

43 


Total, 

. 52 


During the ten years, two cases of murder through sulphuric acid 
are on record ; hence the total deaths, as detailed in the tables, amount 
to 97, or nearly 10 a year, 

Falck,* in comparing different countries, considers the past statistics 
to show that in France sulphuric acid has been the cause of 4 '5 to 5 '5 
percent, of the total deaths from poison, and in England 5'9 percent. 
In England, France, and Denmark, taken together, 10'8, Prussia 10'6 ; 
while in certain cities, as Berlin and Vienna, the percentages are much 
higher — Vienna showing 43‘3 per cent,, Berlin 90 pev cent. 

§55. Accidental, Suicidal, and Criminal Poisoning. — Deaths from 
sulphuric acid are, for the most part, accidental or suicidal, rarely 
criminal, In 53 out of 1 13 cases collected by Bohm, in which the 
cause of the poisoning could, with fair accuracy, be ascertained, 45‘3 
per cent, were due to accident, 30'2 were suicidal, and 24’5 per cent, 
were cases of criminal poisoning, the victims being children , 

The cause of the comparatively rare use of sulphuric acid by the 
poisoner is obvious, First of all, the acid can never be mixed with food 
without entirely changing its aspect; next, it is only in cases of 
insensibility or paralysis that it could be administered to an adult, 
unless given by force, or under very exceptional circumstances ; and 
lastly, the stains on the mouth and garments would at once betray, even 
to uneducated persons, the presence of something wrong. As an agent 
of murder, then, sulphuric acid is confined in its use to young children, 
more especially to the newly bom, 

* Lehrbuch der praTctisclien Toxicologic, p. 54. 
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There is a remarkable case related by Haagan,* * * § in which an adult 
man, in full possession of bis faculties, neither paralysed nor helpless, 
was murdered by sulphuric acid. The wife of a day-labourer gave her 
husband drops of sulphuric acid on sugar, instead of his medicine, and 
finally finished the work by administering a spoonful of the acid. The 
spoon was carried well to the back of the throat, so that the man took 
the acid at a gulp. 11 grms. (171 grains) of sulphuric acid, partly in 
combination with soda and potash, were separated from his stomach. 

Accidental poisoning is most common among children. The oily, 
syrupy-looking sulphuric acid, when pure, maybe mistaken for glycerine 
or for syrup ; and the dark commercial acid might, by a careless person, 
be confounded with porter or any dark-looking medicine. 

Serious and fatal mistakes have not unfreqnently arisen from the use 
of injections. Deutsch f relates how a midwife, in error, administered 
to mother and child a sulphuric acid clyster ; but little of the fluid could 
in either case have actually reached the rectum, for the mother recovered 
in eight days, and in a little time the infant was also restored to health. 
Sulphuric acid has caused death by injections into the vagina. H. C. 
Lombard % observed a case of this kind, in which a woman, aged 30, 
injected half a litre of sulphuric acid into the vagina, for the purpose of 
procuring abortion. The result was not immediately fatal, but the sub- 
sequent inflammation and its results so occluded the natural passage 
that the birth became impossible, and a Caesarean section extracted a 
dead child, the mother also dying. 

An army physician prescribed for a patient an emollient clyster. 
Since it was late at night, and the apothecary in bed, he prepared it 
himself ; but not finding linseed oil, woke the apothecary, who took a 
bottle out of one of the recesses and placed it on the table. The bottle 
contained sulphuric acid ; a soldier noticed a peculiar odour and eft'er. 
vescence when the syringe was charged, but this was unheeded by the 
doctor. The patient immediately after the operation suffered the most 
acute agony, and died the following day ; before his death, the bed- 
clothes were found corroded by the add, and a portion of the bowel 
itself came away, § 

§ 56. Fatal Dose, — The amount necessary to kill an adult man is 
not strictly known ; fatality so much depends on the concentration of 
the acid and the condition of the person, more especially whether the 
stomach is full or empty, that it will be impossible ever to arrive at an 

* Gross i Die Sb'afrcchtspfleyc in Deutschland , 4, 1861, Heft i. S. 181. 

t Preuss . Med. Pemns-Zdtung, 1848, No, 13. 

+ Journ. de Chim. Mid., tom, vii,, 1831. 

§ Maschka’s Sandhueh, p. 86; Journal de Chinie Midicalx , t. i. No. 8, 406, 
1835. 
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accurate estimate. Christison’s case, in which 3'8 grins. (60 grains) of 
concentrated acid killed an adult, is the smallest lethal dose on record. 
Supposing that the man weighed 68^ kilo, ( 150 lbs.), this would he in 
the proportion of '05 grm. per'kilo. There is also the case of a child of 
one year, recorded by Taylor, in which 20 drops caused death. If, 
however, it were asked in. a court of law what dose of concentrated 
sulphuric acid would be dangerous, the proper answer would be : so 
small a quantity as from 2- to 3 drops of the strong undiluted acid 
might cause death, more especially if conveyed to the back of the throat ; 
for if it is improbable that on sudr a supposition death would be sudden, 
yet there is a possibility of permanent injury to the gullet, with the 
result of subsequent contraction, and the usual long and painful 
malnutrition thereby induced. It may be laid down, therefore, that all 
quantities, even the smallest, of the strong undiluted uciVZcome under 
the head of hurtful, noxious, and injurious, 

§57. Local Action of Sulphuric Acid. — The action of the acid on 
living animal tissues has been studied by C. I’h. Falck and L. Victor."* 
Concentrated acid precipitates albumen, and then redissolves it ; fibrin 
swells and becomes gelatinous ; but if the acid is weak ( e.g . 4 to 6 per 
cent,) it is scarcely changed. Muscular fibre is at first coloured amber- 
yellow, swells to a jelly, and then dissolves to a red-brown turbid fluid. 
When applied to the nrucous membrane of the stomach, the mucous 
tissue and the muscular layer beneath are coloured white, swell, and 
become an oily mass, 

When applied to a rabbit’s ear, f the parenchyma becomes at first 
pale grey and semi-transparent at the back of the ear; opposite the 
drop of acid appear spots like grease or fat drops, which soon coalesce. 
Tire epidermis with the hair remains adherent; tlie bloodvessels are 
narrowed in calibre, and the blood, first in the veins, and then in the 
arteries, is coloured green and then black, and fully coagulates. If the 
drop, with horizontal holding of the car, is dried in, an inflammatory 
zone surrounds the burnt spot in which the blood circulates ; but there is 
complete stasis ru the part to which the acid has been applied. If the 
point of the ear is dipped in the acid, the cauterised part rolls inwards ; 
after the lapse of eighteen hours the part is brown and parchment-like, 
with scattered points of coagulated blood ; then there is a slight swelling 
in the healthy tissues, and a small zone of redness ; within fourteen 
days a bladder-likc greenish-yellow scab is formed, the burnt part it- 
self remaining dry. The vessels from the surrounding zone of redness 

* Jlcvischu Kliailc, 1864, Mo, 1-32, and Vietor’s Jueinyuv Dissert., Marburg, 
1803. 

t Sarniel, Entziiiuluny u. £rand, in Virchow's Archie j. Path. Ana.t. r li. Hit, 
1 11 . 2, S. 41, 1870. 
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gradually penetrate towards the cauterised spot, the fluid in the bleb 
becomes absorbed, and the destroyed tissues fall off in the form of a 
crust. 

The changes that sulphuric acid cause in blood are as follows : the 
fibrin is at first coagulated and then dissolved, and the colouring matter 
becomes of a black colour. These changes do not require the strongest 
acid, being seeu with an acid of 60 per cent. 

§ 58. The action of the acid on various non-living matters is as 
follows : poured on all vegetable earth, there is an effervescence, arising 
from decomposition of carbonates ; any grass or vegetation growing on 
the spot is blackened and dies ; an analysis of the layer of earth, on 
which the acid is poured, shows an excess of sulphates as compared with 
a similar layer adjacent ; the earth will only have an acid reaction if 
there has been more than sufficient acid to neutralise all alkalies and 
alkaline earths. 

Wood almost immediately blackens, and the spot remains moist. 

Spots on paper become quickly dark, and sometimes exhibit a play 
of colours, such as reddish-brown ; ultimately the spot becomes very 
black, and holes may be formed ; even when the acid is dilute, the 
course is very similar, for the acid dries in, until it reaches a sufficient 
degree of concentration to attack the tissue. Small drops of sulphuric 
acid on a Brussels carpet, which had a red pattern on a dark green ground 
with light green flowers, were found to act as follows : the spots on the 
red at the end of a few hours were of a dark maroon colour, the green 
was darkened, and the light green browned ; at the end of twenty-four 
hours but little change had taken place, nor could any one have guessed 
the cause of the spots without a close examination, Spots of the strong 
acid on thin cotton, fabrics rapidly blackened, and actual holes were 
formed in the course of an hour ; the main difference to the naked eye, 
between the stains of the acid and those produced by a red-hot body, 
lay in the moistness of the spots. Indeed, the great distinction, 
without considering chemical evidence, between recent bums of clothing 
by sulphuric acid and by heat, is that in the one ease — that of the 
acid — the hole or spot is very moist ; in the other very dry. It is easy 
to imagine that this distinction may be of importance in a legal 
investigation. 

Spots of acid on clothing fall too often under the observation of all 
those engaged in practical chemical work, However quickly a spot of 
acid is wiped off, unless it is immediately neutralised by ammonia, it 
ultimately makes a hole in the cloth ; the spot, as a rule, whatever the 
colour of the doth, is of a blotting-paper red. 

Sulphuric acid dropped on iron, attacks ift forming a sulphate, which 
may be dissolved out by water. If the iron is exposed to the weather 
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the rain may wash away all traces of the acid, save the corrosion ; but 
it would be under those circumstances impossible to say whether the 
corrosion was due to oxidation or a solvent. 

To sum up briefly : the characters of sulphuric acid spots on organic 
matters generally are black, brown, or red -coloured destructions of tissue, 
moisture, acid-reaction (often after years), and lastly the chemical evi- 
dence of sulphuric acid or sulphates in excess. 

Caution necessary in judging of Spots, etc. — An important case, 
related by Maschka, shows the necessity of great caution in interpreting 
results, unless all the circumstances of a case be carefully collated. A 
live coal fell on the bed of a weakly infant, five months old. The child 
screamed, and woke the father, who was dozing by the fire ; the man, in 
terror, poured a large pot of water on the child and burning bed. The 
child died the following day. 

A post-mortem examination showed a bum on the chest of the infant 
2 inches in length The tongue, pharynx, and gullet were all healthy ; 
in the stomach a patch of mucous membrane, about half an inch in 
extent, was found to be brownish, friable, and very thin. A chemical 
examination showed that the portion of tire bed adjacent to the burnt 
place contained free sulphuric acid. Here, then, was the following 
evidence ; tire sudden death of a helpless infant, a carbonised bed-cover 
with free sulphuric acid, and, lastly, an appearance in the stomach 
which, it might be said, was not inconsistent with sulphuric acid 
poisoning. Yet a careful sifting of the facts convinced the judges that 
no crime had been committed, and that the child’s death was due to 
disease. Afterwards, experiment showed that if a live coal fall on to 
any tissue and be drenched with water, free sulphuric acid is constantly 
found in the neighbourhood of the burnt place. 

§ 59. Symptoms. — The symptoms may be classed in two divisions, 
viz. : — 1 . External effects of the acid. 2. Internal effects and symptoms 
arising from its interior administration. 

1. External Effects, — Of late years seveial instances have occurred in 
which the acid has been used criminally to cause disfiguring bums of the 
face, The offence has in all these cases been committed by women, who, 
from motives of revengeful jealousy, have suddenly dashed a quantity of 
the acid into the face of the object of their resentment. In such cases, 
the phenomena observed are not widely different from those attending 
scalds or bums from hot neutral fluids. There is destruction of tissue, 
not necessarily deep, for the .add is almost immediately wiped off; but 
if any should reach the eye, inflammation, so acute as to lead to blind- 
ness, is the probable consequence, The skin is coloured at first white, 
at a later period brown, and part of it may be, as it were, dissolved. If 
the tract or skin touched by the acid is extensive, death may result. 
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The inflammatory processes hi the skin are similar to those noticed by 
Falck and Vietor in their experiments, already detailed, (p, 85), 

Internal Effects of Acids generally. — It may not be owt.of place, 
before speaking of the internal effects of sulphuric acid, to make a few 
remarks upon the action of acids generally. This action differs accord- 
ing to the kind of animal; at all events, there is a. great difference 
between the action of acids on the herb-eating animals and the carnivora ; 
the latter bear large doses of adds well, the former ill. For instance, 
the rabbit, if given a dose of any acid not sufficient to produce local 
effects, but sufficient to affect its functions, will soon "become paralysed 
aud lie in a state of stupor, as if dead ; the same dose per kilo, will not 
affect the dog. The reason for this is that the blood of the dog is able 
to neutralise the acid by ammonia, and that the blood of the rabbit is 
destitute of this property. Man is, in this respect, nearer to the dog 
than to the plant-eaters. Stadelmann has shown that a man is able to 
ingest large relative doses of oxybutyric acid, to neutralise the acid by 
ammonia, and to excrete it by means of the kidneys as ammonium 
butyrate. 

Acids, however, if given in doses too great to be neutralised, alike 
affect plant- and flesh-eaters ; death follows in all cases before the blood 
becomes acid. Salkowski* has, indeed, shown that tlie effect of lessen- 
ing the alkalinity of the blood by giving a rabbit food from which it 
can extract no alkali produces a similar effect to the actual dosing with 
an acid. 

2, Internal Effects of Sulphuric Acid. — When sulphuric acid is 
taken internally, the acute and immediate symptom is pain. This, 
however, is not constant, since, in a few recorded eases, no complaint of 
pain has been made ; but these eases are exceptional ; as a rule, there 
will be immediate and great suffering. The tongue swells, the throat 
is also swollen and inflamed, swallowing of saliva even may be im- 
possible. If the acid has been in contact with the epiglottis and vocal 
apparatus, there may be spasmodic croup and even fatal spasm of the 
glottis. 

The acid, in its passage down the gullet, attacks energetically the 
mucous membrane and also the lining of the stomacli ; but the action 
does not stop there, for Lesser found in eighteen out of twenty-six cases 
(69 per cent.) that the con'osive action extended as fax- as the duodenum. 
There is excessive vomiting and retching ; the matters vomited are acid, 
bloody, and slimy ; great pieces of mucous membrane may be in this 
way expelled, and the whole of the lining membrane of the gullet may 
be thrown up entire. The bowels are, as a rule, constipated, but 
exceptionally there lias been diarrhoea ; the urine is sometimes retained ; 

* Virchow’s Archiv, lviii, 1, 
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it iuvariably contains an excess of sulphates and often albumen, with, 
hyaline casts of the uriniferous tubes. The pulse is small and frequent, 
the breathing slow, the shin very cold and covered with sweat ; the 
countenance expresses great anxiety, and the extremities may be affected 
with cramps or convulsions. Death may take place within from twenty • 
foul' to thirty-six hours, and be either preceded by dyspnoea or by con- 
vulsions ; consciousness is, as a rule, maintained to the end. 

There are also more rapid cases than the above ; a large dose of 
sulphuric acid taken on an empty stomach may absolutely dissolve it, 
aud pass into the peritoneum; in such a case there is really no difference 
in the symptoms between sudden perforation of the stomach from 
disease, a penetrating wound of the abdomen, and any other sudden 
fatal lesion of the organs in the abdominal cavity (for in all these 
instances the symptoms are those of pure collapse) ; the patient is ashen 
pale, with pulse quick aud weak, and body bathed in cold sweat, and 
he rapidly dies, it may be without much complaint of local pain. 

If the patient live longer than twenty-four hours, the symptoms are 
mainly those of inflammation of the whole mucous tract, from the mouth 
to the stomach ; and from this inflammation the patient may die in a 
variable period, of from three to eleven days, after taking the poison. 
In one case the death occurred suddenly, without any immediately pre- 
ceding symptoms rendering imminent death probable. If this second 
stage is passed, then the loss of substance in the gullet and in the 
stomach almost invariably causes impairment of function, leading to a 
slow and painful death. The common sequence is stricture of the gullet, 
combined with feeble digestion, aud in a few instances stricture of the 
pylonis, A curious sequel has been recorded hv hlannkopf, viz,, 
obstinate intercostal neuralgia; it lias been observed on the fourth, 
seventh, and twenty-second day. 

§ 60. Treatment of Acute Poisoning by tlie Mineral Acids. — The 
immediate indication, is the dilution and neutralisation of the acid. For 
this purpose, finely-divided chalk, magnesia, or sodic carbonate may be 
used, dissolved or suspended in much water. The use of the stomach- 
pump is inadvisable, for the mucous membrane of the gullet may be so 
corroded by the acid that the passage of the tube down will do injury ; 
unless the neutralisation is immediate , but little good is effected ; hence 
it will often occur that the bystandei-s, if at all conversant with the 
matter, will have to use the first thing which comes to hand, such as the 
plaster of a wall, etc. ; and lastly, if even these rough antidotes are not 
to be had, the best treatment is enormous doses of water, which will 
dilute the acid and promote vomiting. The treatment of the after-effects 
belongs to the province of ordinary medicine, and is based upon general 
principles, 
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§ 61. Post-mortem Appearances.* — The general pathological ap- 
pearances to be found in the stomach and internal organs differ 
according as the death is rapid or slow ; if the death takes place 
within twenty-four hours, the effects are fairly uniform, the differences 
being only in degree ; while, on the other hand, in those cases which 
terminate fatally from the more remote effects of the acid, there is some 
variety. It may be well to select two actual cases as types, the one 
patient dying from acute poisoning, the other surviving for a time, and 
then dying from ulceration and contraction of the digestive tract. 

A hatter, early in the morning, swallowed a large mouthful of 
strong sulphuric acid, a preparation which he used in his work — 
(whether the draught was taken accidentally or suicidally was never 
known). He died within two hours. The whole tongue was sphace- 
lated, parts of the mucous membrane being dissolved ; the inner surface 
of the gullet, as well as the whole throat, was of a grey-black colour ; 
the mucous membrane of the stomach was coal-black, and so softened 
that it gave way like blotting-paper under the forceps, the contents 
escaping into the cavity of the abdomen. The peritoneum was also 
blackened as if burnt ; probably there had been perforation of the 
stomach during life ; the mucous membrane of tire duodenum was 
swollen, hardened, and looked as if it had been boiled; while the 
blood was of a cherry-red colour, and of the consistence of a thin syrup. 
The rest of the organs were healthy; a chemical research on tire fluid 
which had been collected from the stomach, gullet, and duodenum 
showed that it contained 87 25 grains of free sulphuric acid.t 

This is, perhaps, the most extreme case of destruction on record ; 
the cause of the unusually violent action is referable to the acid acting 
on an empty stomach. It is important to uote that even with this 
extensive destruction of the stomach, life was prolonged for two hours 

The case selected to serve as a type of a chronic but fatal illness 
produced from poisoning by sulphuric acid is one related by Oscar 
Wyss. A cook, 34 years of age, who had suffered many ailments, 
drank, on the 6th of November 1867, by mistake, at 8 o’clock 
in the morning, two mouthfuls of a mixture of 1 part of sul- 
phuric acid and 4 of water. Pain in the stomach and neck, and 
vomiting of black masses, were the immediate symptoms, and two 
hours later he was admitted into the hospital in a state of collapse, 
with cold extremities, cyanosis of the face, etc. Copious draughts of 
milk were given, and the patient vomited much, the vomit still con- 

* It has been observed that putrefaction ill cases of death from sulphuric aoid is 
slow, Casper suggests this may be due to the neutralisation of ammonia ; more 
probably it is owing to the antiseptic properties all mineral acids possess. 

t Casper, vol, ii. case 194, 
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sisting of black pultaceons matters, in which, on a microscopical ex- 
amination, could be readily detected columnar epithelium of the 
stomach and mucous tissue elements. The urine was of specific gravity 
T033, noil-albuminous; on analysis it contained 3'388 grms. of 
combined sulphuric acid. 

On the second day there was some improvement in the symptoms ; 
the urine contained 1 '27 6 grm. of combined sulphuric acid; on the 
third day 2'665 grms. of combined sulphuric acid; and on the tenth 
day the patient vomited up a complete cast of the mucous membrane 
of the gullet. The patient remained in the hospital, and became 
gradually weaker from stricture of the gullet and impairment of the 
digestive powers, aud died, two months after taking the poison, on the 
5th of January 1868, 

The stomach was found small, contracted, with many adhesions to 
the pancreas and liver; it was about 12 centimetres long (4'7 inches), 
and from 2 to 2'5 centimetres (‘7 to '9 inch) broad, contracted to 
somewhat the form of a cat’s intestine ; there were several transverse 
rugae ; the walls were thickened at the small curvature, measurements 
giving 5 mm. (T9 inch) in the middle, and beyond about 2'75 mm. 
('ll inch); in the upper two-thirds the lumen was so contracted as 
scarcely to admit the point of the little finger. The inner surface was 
covered with a layer of pus, with no trace of mucous tissue, aud was 
everywhere pale red, uneven, and crossed by cicatricial bands. In 
two parts, at the greater curvature, the mucous surface was strongly 
injected in a ring-like form, and in the middle of the ring was a deep 
funnel-shaped ulcer ; a part of the rest of the stomach was strongly 
injected and scattered over with, numerous punctiform, small, trans- 
parent bladders. The gullet was contracted at the upper part (just 
below the epiglottis) from 20 to 22 nun. (-78 to '86 inch) in diameter; 
it then gradually widened to measure about 12 mm. ('47 inch) at the 
diaphragm ; in the neighbourhood of the last contraction the tissue was 
scarred, injected, and ulcerated ; there were also small abscesses opening 
into this portion of the gullet. 

Ii. Fraenkel and F, Keiche* have studied the effects of sulphuric 
acid on the kidney. In rapid cases they find a widespread shedding 
of the epithelium in the convoluted and straight urinary canaliculi, 
with destruction of the kidney parenchyma, but no inflammation. 

§ 62. The museums of the different London hospitals afford excellent 
material for the study of the effects of sulphuric acid on the pharynx, 
gullet, and stomach ; and it may be a matter of convenience to students 
if the more typical examples at these different museums be noticed in 
detail, so that the preparations themselves may be referred to. 

* Virchow’s A rchiv, cxxxi. 130. 
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In St. Bartholomew’s Museum, No. 1942, is an example of excessive destruction 
of the stomach by sulphuric acid. The stomach is much contracted, and has a large 
aperture with ragged edges ; the mucous membrane is thickened, charred, and 
blackened. 

No. 1941, in the same museum, is the stomach of a person who died from a large 
dose of sulphuric acid. When recent, it is described as of a deep red colour, mottled 
with black j appearances which, from long soaking in spirit, are not true at the 
present time ; but the rough, shaggy state of the mucous tissue can be traced ; the 
gullet and the pylorus appear the least affected. 

St. George's Hospital, ser. ix, 146, 11 and 43, e. — The pharynx and oesophagus of 
a man who was brought into the hospital in a state of collapse, after a large but 
unknown dose of sulphuric acid. The lips were much eroded, the mucous membrane 
of the stomach, pharynx, and oesophagus show an extraordinary shreddy condition ; 
the lining membrane of the stomach is much charred, and the action has extended to 
the duodenum ; the muscular coat is not affected. 

Guy’s Hospital , No. 1799. —A preparation showing the mucous membrane of the 
stomach entirely denuded. The organ looks like a piece of thin paper. 

No. 1799 10 . The stomach of a woman who poisoned herself by drinking a wine' 
glassful of acid before breakfast Sire lived eleven days. The main symptoms were 
vomiting and purging, but there was no complaint of pain. There is extensive 
destruction of mucous membrane along the lesser curvature and towards the pyloric 
extremity j a portion of the mucous membrane is floating as a slongli. 

No. 1799* 5 is the gullet and stomach of a man who took about 3 drachms of 
the strong acid. He lived three days without much apparent suffering, and died 
unexpectedly. The lining membrane of the cesophagns has the longitudinal wrinkles 
or furrows so oftcu, nay, almost constantly, met with in poisoning lry the acids. The 
mucous tissue of the stomach is raised in cloudy ridges, and blackened. 

No. 1799® is a wonderfully entire cast of the gullet from a woman who swab 
lowed an ouuee of sulphuric acid, and is said, according to the catalogue, to have 
recovered, 

University Collcyc. — In this museum will be found an exquisite preparation of the 
effects of sulphuric acid, The mucous niemliranc of the oesophagus is divided into 
small quadrilateral areas by longitudinal and transverse furrows i the stomach is very 
brown and covered with shreddy and filamentous tissue ; the brown colour is without 
doubt the remains of extravasatod and chained blood, 

No, 6201 is a wax oast representing the stomach of a woman who died after taking 
a large dose of sulphuric acid, A yellow mass was found iu the stomach ; there arc 
two perforations, and the mucous membrane is entirely destroyed. 

§ 63. Chronic Poisoning by Sulphuric Acid. — Weiske* has experi* 
mentally proved that lambs, given for six months small doses of sulphuric 
acid, grow thin, and their bones, with the exception of the bones of the 
head and the long bones, are poor in lime salts, the muscles also are 
poor in the same constituents. Kobert t thinks that drunkards on the 
Continent addicted to "Schnaps,” commonly a liquid acidified with sul> 
phuric acid to give it a sharp taste, often show typical chronic sulphuric 
acid poisoning. 

* H. Weiske, Jour a, f. Laudwirthsch. , 1887, 417. 
t Lchrburh tier Inloxicationeiu, S. 210. 
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Detection and Estimation of Free Sulphuric Acid. 

§ 64. The general method of separating the mineral acids is as 
follows : the tissues, or matters, are soaked in distilled water for some time. 
If no free acid is present, the liquid will not redden litmus-paper, or give 
an acid reaction with any of the numerous tinctorial agents in use by the 
chemist for the purposes of titration. After sufficient digestion in water, 
the liquid extract is made up to some definite bulk and allowed to sub- 
side. Filtration is unnecessary . A small fractional part (say, for example, 
should the whole be 250 c.c., T ^th or 2'5 c.c.) is taken, and using as an 
indicator cochineal or phenolphthalein, the total acidity is estimated by a 
decinormal solution of soda. By this preliminary operation, some guide 
for the conduct of the future more exact operations is obtained. Should 
the liquid be very acid, a small quantity of the whole is to be now 
taken ; but if the acidity is feeble, a larger quantity is necessary, and 
sufficient quinine then added to fix the acid — 100 parts of sulphuric acid 
are saturated by 342 parts of quinine monohydrate. Therefore, ou the 
supposition that all the free acid is sulphuric, it will be found sufficient 
to add 3 '5 parts of quinine for every 1 part of acid, estimated as sul- 
phuric, found by the preliminary rough titration ; and as it is inconvenient 
to deal with large quantities of alkaloid, a fractional portion of the 
liquid extract (representing not more than 50 mgnns. of acid) should be 
taken, which will require 175 mgrms. of quinine. 

On addition of the quinine, the neutralised liquid is evaporated to dry- 
ness, or to approaching dryness, and then exhausted by strong alcohol. 
Hie alcoholic extract is, after filtration, dried up, and the quinine sul- 
phate, uitrate, or hydrochlorate, as the case may be, filtered off and ex- 
tracted by boiling water, and precipitated by ammonia, the end result being 
quinine hydrate (which may be filtered off and used again for similar 
purposes) and a sulphate, nitrate, or chloride of ammonia hi solution. 
It therefore remains to determine the nature and quantity of the acids 
now combined with ammonia. The solution is made up to a known 
bulk, and portions tested for chlorides by nitrate of silver, for nitrates 
by the copper or the ferrous sulphate test, and for sulphates by BaCi 2 
solution. If sulphuric acid is present there will be a precipitate of 
barium sulphate, which, from its density and insolubility in nitric or 
hydrochloric acids, is very characteristic. For estimating the sulphuric 
a«id thus found, a known bulk of the same liquid is heated to boiling 
after acidifying by hydrochloric acid, and a sufficient quantity of baric 
chloride solution added, Unless this exact process is followed, the 
analyst is likely to get a liquid which refuses to filter clear ; but if the 
sulphate be precipitated from a hot liquid, it usually settles rapidly to 
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the bottom of the vessel, and the supernatant fluid can be decanted clear ; 
the precipitate is washed by decantation, and ultimately collected on a 
filter, dried, removed from the filter and burnt up in the usual way. 

The sulphate of baryta found, multiplied by '3434, equals the 
sulphuric anhydride. 

The older process was to dissolve the free sulphuric acid out by alcohol. 
As is well known, mineral sulphates are insoluble in, and are precipitated 
by, alcohol, whereas sulphuric acid enters into solution. The most valid 
objection, as a quantitative process, to the use of alcohol, is the tendency 
which all mineral acids have to unite with alcohol in organic combination, 
and thus, as it were, to disappear ; and, indeed, results are found, by 
experiment, to be below the truth when alcohol is used. This objection 
does not hold good if either merely qualitative evidence, or a fairly 
approximate quantation, is required. In such a case, the vomited matters, 
the contents of the stomach, or a watery extract of the tissues, are evapo- 
rated to a syrup, and then extracted with strong alcohol and filtered ; a 
little phenolplithalein solution is added, and the acid alcohol exactly 
neutralised by an alcoholic solution of clear decinormal or normal soda. 
According to the acidity of the liquid, the amount used of the decinormal 
or normal soda is noted, and then the whole evaporated to dryness, and 
finally heated to gentle redness, The alkaline sulphate is next dissolved 
in very dilute hydrochloric acid, and the solution precipitated by chloride 
of barium in the usual way, The quantitative results, although low, 
would, in the great majority of cases, answer the purpose sufficiently. 

A test usually enumerated, Hilger’s test for mineral acid, may be 
mentioned, A liquid, which contains a very minute quantity of mineral 
acid, becomes of a blue colour (or, if 1 per cent, or above, of a green) on 
the addition of a solution of methyl aniline violet ; but this test, although 
useful in examining vinegars (see “Foods”), is not of much value in 
toxicology, and the quinine method for this purpose meets every conceiv- 
able case, both for qualitative and quantitative purposes, 

§ 65. The TJrine. — Although an excess of sulphates is found constantly 
in the urine of persons who have taken large doses of sulphuric acid, the 
latter has never been found in that liquid in a free state, so that it will 
be useless to search for free acid. It is, therefore, only necessary to add 
HC1, to filter the fluid, and precipitate direct with an excess of chloride 
of barium. It is better to operate in this manuer than to burn the urine 
to an ash, for in the latter case part of the sulphates, in the presence of 
phosphates, are decomposed, and, on the other hand, any organic sulphur 
combinations are liable to be estimated as sulphates. 

It may also be well to pass chlorine gas through the same urine which 
has been treated with chloride of barium, and from which the sulphate 
has been filtered off, The result of this treatment will be a second 
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precipitate of sulphate derived from sulphur, in a different form of 
combination than that of sulphate. 

The greatest amount of sulphuric acid as mineral and organic 
sulphate is separated, according to Mannkopf * and Schultzen, f within 
five hours after taking sulphuric acid ; after three days the secretion, 
so far as total sulphates is concerned, is normal. 

The normal amount of sulphuric acid excreted daily, according to 
Thudichum, is from 1‘5 to 2 - 5 grnas., and organic sulphur up to '2 grm. 
in the twenty.four hours, but very much more has been excreted by 
healthy persons. 

Lehmann made some observations on himself, and found that, on an 
animal diet, he excreted no less than 10'399 grms. of sulphuric acid 
per day, and on mixed food a little over 7 grins. ; as Thudichum 
justly observes, this great amount must be referred to individual 
peculiarity. The amount of sulphates has a decided relation to diet. 
Animal food, although not containing sulphates, yet, from the oxidation 
of the sulphur .holding albumen, produces a urine rich in sulphate. 
Tlius Vogel found that a person, whose daily average was 2'02 grms., 
yielded 7 '3 on a meat diet. The internal use of sulphur, sulphides, 
and sulphates, given in an ordinary medicinal way, is traceable in the 
urine, increasing the sulphates, In chronic diseases the amount of 
sulphates is decreased, in acute increased. 

Finally, it would appear that the determination of sulphates in the 
urine is not of much value, save token the ncmnal amount that the indi- 
vidual secretes is primarily known, On the other hand, a low amount 
of sulphates iu the urine of a person poisoned by sulphuric acid has not 
been observed within three days of the taking of the poison, and one 
can imagine cases in which such a low result might have forensic 
importance. 

The presence of albumen xu the urine has been considered by some 
a constant result of sulphuric acid poisoning, hut although when looked 
for it is usually found, it cannot be considered constant. 0. Smoler,} 
in eighteen cases of various degrees of sulphuric acid poisoning, found 
nothing abnormal in the urine, Wyss§ found in the later stages of a 
case indican and pus, E. Leydenj[ and Ph, Munn always found blood 
in the urine, as well as albumen, with casts and cellular elements. 
Mannkopf H found albuminuria in three cases out of five ; in two of the 
cases there were fibrinous casts ; in two the albumen disappeared at the 

* "Tojdcologieder Schwefelsaure,” Wiener mcd. Wochcn ,, 1862, 1863. 

t Archiv.f. Anatom . u. Physiol . , 1864. 

J Archiv der Kdlbumlc, ed, by E, Wagner, 1869, Hft, 2, S. 181, 

§ Wiener Medicincel-Halle, 1861, Jahr. 6, No, 46. 

j| Virchow’s Archiv f, path, An,at,, 1861, Bd. xxii, Hft. 3 u. 4, S. 237. 

IT Wien, med, Wochenschrift , 1862, Nro, 35 ; 1863, Nro. 5, 
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end of the second or third day, but in one it continued for more than 
twenty days. Bamberger* has observed an increased albuminuria, 
with separation of the colouring matter of the blood. In this case it 
was ascribed to the action of the acid on the blood. 

§ 66. The Blood. — In Casper’s case, No. 193, the vena cava of a 
child, who died within an hour after swallowing a large dose of 
sulphuric acid, was filled with a cherry*red, strongly acid-reacting blood. 
Again, Casper’s case, No. 200, is that of a young woman, aged 19, who 
died from a poisonous dose of sulphuric acid. At the autopsy, four 
days after death, the following peculiarities of the blood were thus 
noted: — '‘The blood had an acid reaction, was dark, and had (as is 
usual in these cases) a synipy consistence, while the blood corpuscles 
were quite unchanged. The blood was treated with an excess of 
absolute alcohol, filtered, the filtrate concentrated on a water- bath, the 
residue exhausted with absolute alcohol, etc. It yielded a small 
quantity of sulphuric acid.” 

Other similar' cases might be noted, but it must not for a moment 
be supposed that the mass of the blood contains any free sulphuric acid 
during life. The acidity of the blood in the vena cava may be ascribed 
to post-mortem endosmosis, the acid passing through the walls of the 
stomach into the large vessel. 

§ 67, Sulphates. — If the acid swallowed should have been entirely 
neutralised by antidotes, such as chalk, etc., it becomes of the first 
importance- to ascertain, as far as possible, by means of a microscopical 
e.xamination, the nature of the food remaining in the stomach, and then 
to calculate the probable contents in sulphates of the food thus known 
to be eaten. It will be found that, with ordinary food, and under 
ordinary circumstances, only small percentages of combined sulphuric 
acid can be present. 

As an example, take the ordinary rations of the soldier, viz. 12 oz. 
of meat, 24 oz, of bread, 1 6 oz, of potatoes, 8 oz. of other vegetables ; 
with sugar, salt, tea, coffee, and water. Now, if the whole quantity of 
these substances were eaten at a meal, they would not contain more 
than from 8 to 10 grains ("5 to '6 grin.) of anhydrous sulphuric acid, 
in the form of sulphates, 

So far as the contents of the stomach are concemed, we have only 
to do with sulphates introduced in the food, but when once the food 
passes further along the intestinal canal, circumstances are altered, for 
we have sulphur-holding secretions, which, with ordinary chemical 
methods, yield sulphuric acid, Thus, even in the newly-born infant, 
according to the analyses of Zweifler, the mineral constituents of 
meconium are especially sulphate of lime, with a smaller quantity of 
* Wien. Med. ‘Halle, 1864, Nro, 29, 30, 
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sulphate of potash. The amount of bile which flows into the whole 
tract of the intestinal canal is estimated at about half a litre in the 
twenty-four hours ; the amount of sulphur found in bile varies from '89 
to 3 per cent., so that in 500 c.c. we might, by oxidising the sulphur, 
obtain from 2-2 to 7'5 grms. of sulphuric anhydride. 

It is therefore certain that large quantities of organic sulphur- 
compounds may be found in the human intestinal canal, for with indi- 
viduals who suffer from constipation, the residues of the biliary secretion 
accumulate for many days. Hence, if the analyst searches for sulphates 
in excretal matters, all methods involving destruction of organic sub- 
stances, whether by fire or by fluid-oxidising agents, are wrong in 
principle, and there is nothing left save to separate soluble sulphates 
by dialysis, or to precipitate direct out of an aqueous extract, 

Again, sulphate of magnesia is a common medicine, and so is sodic 
sulphate ; a possible medicinal dose of magnesia sulphate might amount 
to 56'7 grms. (2 ozs.), the more usual dose being half that quantity. 
Lastly, among the insane there are found patients who will eat plaster- 
of-Paris, earth, and similar matters, so that, in special cases, a very 
large amount of combined sulphuric acid may be found in the intestinal 
tract, without any relation to poisouing by the free acid ; but in such 
instances it must be rare, indeed, that surrounding circumstances or 
pathological evidence will not give a clue to the real state of affairs. 


II.— Hydrochloric Acid. 

§ 68, General Properties. — Pure hydrochloric acid is a gas, com- 
posed of 97‘26 per cent, of chlorine and 2'74 per cent, of hydrogen. 
Commercial hydrochloric acid, muriatic acid, or spirit of salt is a solution 
of this gas, with more or less impurity, in water, 

Hydrochloric acid is made on an enormous scale in the United 
Kingdom, the production being estimated at about a million tons 
annually. 

The toxicology of hydrochloric acid is modern, for we have no 
evidence that anything was known of it prior to the middle of the 
seventeenth century, when Glauber prepared it in solution, and, in 
1772, Priestley, by treating common salt with sulphuric acid, isolated 
the pure gas. 

The common liquid hydrochloric add of commerce has a specific 
gravity of from P15 to 1 ‘20, and contains usually less than 40 parts of 
hydrochloric acid in 100 parts. The strength of pure samples of 
hydrochloric acid can be told by the specific gravity, and a very close 
approximation, in default of tables, may be obtained by simply multi- 

7 
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plying the decimal figures of the specific gravity by 200. For example, 
an acid of 1'20 gravity would by this rule contain 40 per cent, of real 
acid, for '20x 200 = 40. 

The commercial acid is nearly always a little yellow, from the 
presence of iron derived from metallic retorts, and may contain small 
quantities of chloride of arsenic,* derived from the snlphuric add ; but 
the colourless hydrochloric acid specially made for laboratory and 
medicinal use is nearly always pure. 

The uses of the liquid acid are mainly in the production of chlorine, 
as a solvent for metals, and for medicinal and chemical purposes. Its 
properties are briefly as follows : — 

It is a colourless or faintly -yellow acid liquid, the absence or other- 
wise of colour depending on its purity, and especially its freedom from 
iron. The liquid is volatile, and can be separated from fixed matters 
and the less volatile acids by distillation ; it has a strong attraction for 
water, and fumes when exposed to the air, from becoming saturated 
with aqueous vapour, If exposed to the vapour of ammonia, extremely 
dense clouds arise, due to the formation of the solid ammonium chloride. 
The acid, boiled with a small quantity of manganese binoxide, evolves 
chlorine. Dioxide of lead lias a similar action ; the chlorine may be 
detected by its bleaching action on a piece of paper dipped in indigo 
blue ; a little zinc foil immersed in the acid disengages hydrogen. 
These two tests — viz., the production of chlorine by the one, and the 
production of hydrogen by the other — separate and reveal the con- 
stituent parts of the acid. Hydrochloric acid, in common with 
chlorides, gives a dense precipitate with silver nitrate. The precipitate 
is insoluble in nitric acid, but soluble in ammonia ; it melts without 
decomposition. Exposed to the light, it becomes of a purple or blackish 
colour. Every 100 parts of silver chloride are equal to 25'43 of hydro- 
chloric acid, HC1, and to 63'5 parts of the liquid acid of specific gravity 
1 - 20 . 

The properties of pure hydrochloric acid gas are as follows : — Specific 
gravity 1‘262, consisting of equal volumes of hydrogen and chlorine, 
united without condensation. 100 cubic inches must therefore have a 
weight of 39‘36 grains. The gas was liquefied by Faraday by means of 
a pressure of 40 atmospheres at 10° ; it was colourless, and had a smaller 
refractive index than water. 

Water absorbs the gas with avidity, 100 volumes of water absorbing 

* Some samples of hydrochloric acid have been found to contain as much as 4 per 
cent, of chloride of arsenic, but this is very an usual, Glenard found as a mean 2'5 
grammes, As 3 0 3 per kilogramme; but since the mass poisoning by arsenical beer 
derived from glucose made by impure sulphuric acid, English manufacturers have 
succeeded in putting on the market ordinary sulphuric and hydrochloric acids almost 
arsenic-free, 
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48,000 volumes of the gas, and becoming 142 volumes. Theae&vitifiS^Ras 
all the properties of strong hydrochloric acid, specific gravity 1'21, The 
dilute hydrochloric acid of the Pharmacopmia should have a specific 
gravity of 1'052, and be equivalent to 10‘5S percent, of HC1. 

§ 69. Statistics of Poisoning by Hydrochloric Acid. — The following 
table gives the deaths and sex distribution due to hydrochloric acid for 
ten years ending 1903 : — 


DEATHS FROM. HYDROCHLORIC ACID IN ENGLAND AND WALES 
DURING THE TEN YEARS ENDING 1903. 


Accident or Nkglioknce. 
Males, 

91 

Males, 

SuieniB. 

. 204 

Females, 

33 

Females r 


. 165 

Total, 

124 


Total, 

.369 


In 1889 a solitary case of the murder of a child is on record from 
hydrochloric acid. The total deaths from hydrochloric acid amount to 
493 in the ten years, or about 49 a year. 

§ 70. Fatal Dose. — The dose which destroys life is not known with 
any accuracy. In two cases, adults have been killed by 1 4 grms, (half 
an ounce) of the commercial acid ; but, on the other hand, recovery is 
recorded when more than double this quantity has been taken. A girl, 
15 years of age, died from drinking a teaspoonful of the acid.* 

§ 71. Amount of Free Acid in the Gastric Juice. — Hydrochloric acid 
exists in the gastric juice. This was first ascertained by Proutf in 1824 ; 
he separated it by distillation. The observation was afterwards confirmed 
by Gmelin,J Children, § and Bracounot.ll On the other hand, Lehmann 1 fl 
pointed out that, as the stomach secretion contained, without doubt, 
lactic acid, the act of distillation, in the presence of this lactic acid, 
would set free hydrochloric acid from any alkaline chlorides. Blondlot 
and Cl. Bernard also showed that the gastric juice possessed no acid which 
would dissolve oxalate of lime, or develop hydrogen when treated with 
iron filings ; hence there could not be free hydrochloric acid which, even 
in a diluted state, would respond to both these tests. Then followed the 
researches of C, Schmidt,** who showed that the gastric secretion of 
men, of sheep, and of dogs contained more hydrochloric acid than would 

* Brit . Med , Journ , March 1871, 
t Philosophical Transactims, 1824, p. 45, 

+ P, Tiedmaun and L, Gmclin, Die Verdauunrj naeli Vtlrsudicn, Heidelberg u. 
Leipsie, 1826, i. 

§ Annals of Philosophy, July 1824, 
i! Ann, dc Chini., t. lix. p, 348. 

IF Journal /. prakt. Chemie, Bd. xl, 47. 

** Bidder u. Schmidt, VcrdauungS'SCiftc, etc. 
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satisfy the bases present ; and he propounded the view that the gastric 
juice does not contain absolutely free hydrochloric acid, but that it is in 
loose combination with the pepsin. 

The amount of acid in the stomach varies from moment to 
moment, and therefore it is not possible to say what the average 
acidity of gastric juice is. It has been shown that in the total 
absence of free hydrochloric acid digestion may take place, because 
hydrochloric acid forms a compound with pepsin which acts as a 
solvent on the food. The amount of physiologically active acid varies 
with the food taken ; it is smallest when carbohydrates are con- 
sumed, greatest with meat. The maximum amount that Jakseh found 
in his researches, when meat was ingested, was '09 per cent, of hydro- 
chloric acid It is probable that anything above 0'2 per cent, of 
hydrochloric acid is either abnormal or owing to the recent ingestion 
of hydrochloric acid. 

§ 72. Influence of Hydrochloric Acid on Vegetation. — Hydrochloric 
acid fumes, if emitted from works on a large scale, injure vegetation 
much In former years, before any legal obligations were placed 
upon manufacturers for the condensing of the volatile products, the 
nuisance from this cause was great. In 1823, the duty on salt 
being repealed by the Government, an extraordinary impetus was 
given to the manufacture of hydrochloric acid, and since all the 
volatile products at that time escaped through short chimneys into 
the air, a considerable area of land round the works was rendered 
quite unfit for growing plants. The present law on the subject is, 
that the maximum quantity of acid escaping shall not exceed 2 
grains per cubic foot of the air, smoke, or chimney gases ; and, 
according to the reports of the alkali inspectors, the condensation by 
the improved appliances is well within the Act, and about as perfect 
as can be devised, 

It appears from the reports of the Belgian Commission in 1855, when 
virtually no precautions were taken, that the gases are liable to injure 
vegetation to the extent of 2000 metres (2187 yards) around any active 
works ; the more watery vapour the air contains, the quicker is the gas 
precipitated and carried to the earth, If the action of the vapour is 
considerable, the leaves of plants dry and wither ; the chlorophyll be- 
comes modified, and no longer gives the norma,! spectrum, while a 
thickening of the rind of trees has also been noticed . The cereals suffer 
much ; they iucrease in stalk, but produce little grain. The legumi- 
nosse become spotted, and have an air of dryness and want of vigour ; 
while the potato, among plants utilised for food, appears to have the 
strongest resistance, Vines are very sensitive to the gas. Among trees, 
the alder seems most sensitive; then come frnifc- trees, and last, the 
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hardy forest-trees — the poplar, the ash, the lime, the elm, the maple, 
the birch, and the oak."* 

§ 73. Action upon Cloth and Manufactured Articles. — On black 
cloth the acid produces a green stain, which is not moist and shows no 
corrosion. On most matters the stain is more or less reddish ; after a 
little time no free acid may be detected, by simply moistening the spot; 
but if the stain is cut out and boiled with water, there may be some 
evidence of free acid. The absence of moisture and corrosion distin- 
gnishes the stain from that produced by sulphuric acid. 

§74. Poisonous Effects of Hydrochloric Acid Gas. — Eulenberg f 
has studied the effects of the vapour of this acid on rabbits and pigeons. 
One of these experiments may be cited in detail. Hydrochloric acid gas, 
prepired by heating together common salt and sulphuric acid, was passed 
into a glass shade supported on a plate, and a rabbit was placed in the 
transparent chamber thus formed. On the entrance of the vapour, there 
was immediate blinking of the eyes, robbing of the paws against the 
nostrils, and emission of white fumes with the expired breath, while the 
respiration was irregular (40 to the minute). After the lapse of ten 
minutes, the gas was again introduced, until the atmosphere was quite 
thick ; the symptoms were similar to those detailed above, hut more 
violent; and in fourteen minutes from the commencement, the rabbit 
sank down on its right side (respirations 32). When twenty-two minutes 
had elapsed, the gas was again allowed to enter. The rabbit now lay 
quiet, with closed eyes and laboured respiration, and finally, after half 
an hour of intermittent exposure to the gas, the animal was removed. 

The cornea were opalescent, and the eyes filled with water ; there was 
frequent shakiug of the head and working of the forepaws. After three 
minutes’ exposure to the air, the respiratious were found to be 128 per 
minute ; this quickened respiration lasted for an hour, then gave place to 
a shorter and more superficial breathing. On the second day after the 
experiment, the rabbit suffered from laboured respiration (28 to the 
minute) and pain, and there was a mttling in the bronchial tubes. The 
animal died on the third day, death being preceded by slow respiration 
(12 to the minute), 

The appearances twenty-four hours after death were as follows : — The 

* Those wlio desire to study more closely the effect of acids generally on vegeta- 
tioi may consult the various iiapevs of the alkali inspectors contained in the Local 
Government Reports, See also Schubarth, Die santerai Gat>'c, welelie Sch iccfclsdare 
mid Soda'FabriJcen verbroiteu. Verhcmdlungen des Vcrcins zur Sc/onZeritiUf dcs 
Gowerbqfteisses in Praissen, 1857, S, 135, Dingler’s Journal, Bd. cxlv. S. 374-427. 

Cliristel, Ueber die Einwivkung von ScLuren' Dampfcu aufdic Vegdaiion, 

Arch,/, Phcvrinacie 1871, p. 252, 

Vurteljahnschrift fiiT gwichtliche Mcclidn, Xvii, S. 404, 1872. 

t Gawcrbt Hygiene, Berlin, 1876, S, 15, 
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eyes were coated with a thick slime, and both cornea were opalescent ; 
there was strong rigidity of the body. The pia mater covering the brain 
was everywhere hypercemic, and at the hinder border of both hemi- 
spheres appeared a small clot, surrounded by a thin layer of bloody fluid. 
Th e plex. venos. spin, was filled with coagulated blood, and there was also 
a thin extravasation of blood covering the medulla and pons. The lungs 
were mottled bright brown-red ; the middle lobe of the right lung was 
dark brown, solid, and sank in water ; the lower lobe of the same lung 
and the upper lobe of the left lung were nearly in a similar condition, 
but the edges were of a bright red. The parenchyma in the darker places 
on section did not crepitate. On the cut surface was a little dark fluid, 
weakly-acid blood ; the tracheal mucous membrane was injected. The 
heart was filled with thick coagulated blood ; the liver was congested, of 
a reddish-brown colour, and rich in dark, fluid blood : in the vena cava 
inferior was coagulated blood. The kidneys were not hypenemic ; the 
intestines were superficially congested. 

There can be little doubt that the symptoms during life, and the 
appearances after death, in this case are perfectly consistent with the 
following view : — The vapour acts first as a direct irritant, and is capable 
of exciting inflammation in the lung and bronchial tissues ; but besides 
this, there is a secondary effect, only occurring when the gas is in sufficient 
quantity, and the action sufficiently prolonged— viz., a direct coagulation 
of the blood in certain points of the living vessels of the lungs. The 
consequence of this, is a more or less general backward engorgement, the 
right side of the heart becomes distended with blood, and the ultimate 
cause of death is partly mechanical, The hypereemia of the brain mem- 
branes, and even the haemorrhages, are quite consistent with this view, 
and occur in cases where the obstruction to the circulation is of a coarser 
and more obvious character, and can therefore be better appreciated. 

§75, Effects of the Liquid Acid, — There is one distinction between 
poisoning by hydrochloric and the other mineral acids — namely, the 
absence of corrosion of the skin. Ad. Lesser * has established, by direct 
experiment, that it is not possible to make any permanent mark on the 
skin by the application even of the strongest commercial acid (40 per 
cent.). Hence, in any case of suspected poisoning by acid, should there 
be stains on the lips and face as from an acid, the presumption will be 
rather against hydrochloric. The symptoms themselves differ very little 
from those produced by sulphuric acid. The pathological appearances 
also are not essentially different, but hydrochloric is a weaker acid, and 
the extensive disorganisation, solution, and perforation of the viscera, 
noticed occasionally with sulphuric acid, have never been fourid in hydro- 
chloric acid poisoning, We may quote here the following case : — 

* Virchow’s Archiv f. path. Anat ,, Bd. xxxiii, Hft 2, S. 215, 1881. 
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A woman, under the influence of great and sudden grief — not unmixed 
with passion — drew a bottle from her pocket, and emptied it very 
quickly. She immediately uttered a cry, writhed, and vomited a yellow- 
green fluid. The abdomen also became enlarged. Milk was given her, 
but she could not swallow it, and death took place, in convulsions, two 
hours after the drinking of the poison. 

The post-mortem appearances were briefly as follows • — Month and 
tongue free from textural change : much gas in the abdomen, more espe- 
cially in the stomach; the membranes of the brain congested; the lungs 
filled with blood. 'The stomach was strongly pressed forward, of a dark 
brown-red, and exhibited many irregular blackish spots, varying from 
two lines to half an inch in diameter (the spots were drier and harder 
than the rest of the stomach) ; the mucous membrane, internally, was 
generally blackened, and changed to a carbonised, shaggy, slimy mass, 
while the organ was filled with a blackish homogeneous pulp, which had 
no odour. The gullet was also blackened. A considerable quantity of 
hydrochloric acid was separated from the stomach.* 

The termination in this instance was unusually rapid. In a case 
detailed by Casper, t in which a boy drank an unknown quantity of acid, 
death took place in seven hours. In Guy’s Hospital museum, the duo- 
denum and stomach are preserved of a patieut who is said to have died 
in nine mid a half hours from half an onnce of the acid. The same 
quantity, in a case related by Taylor, caused death in eighteen houvs. 
From these and other instauces, it may be presumed that death from 
acute poisoning by hydrochloric acid will probably take place within 
twenty-four hours, From the secondary effects, of course, death may 
take place at a remote period ; e.y,, in a case recorded by Dr. Duncan 
( Lancet , April 12, 1890), a man drank about 1 oz. of HC1 accidentally, 
was admitted to Charing Cross Hospital the same day, and treated with 
small quantities of sodium carbonate, and fed by the rectum. On the 
eighth day he brought up 34 oz. of blood ; in a month he left apparently 
perfectly well, but was admitted again in about six weeks, and died of 
contraction of the stomach and stricture of the pylorus on the ninety- 
fourth day. 

§ 76. Post-mortem Appearances, — The pathological appearances are 
very similar to those found in the case already detailed ; though the 
skin of the face may not be eroded in any way by the acid, yet the more 
delicate mucous membrane of the mouth, gullet, etc., appears mostly to 
be changed, and is usually white or whitish* brown. There is, however, 
in the museum of the Eoyal College of Surgeons the stomach and gullet 

* Prcuss , Med. Vereinszeit, u, Friederichs Blatter f, yerichtl. Anthropoloyic, 1858, 
Hft, 6, S. 70. 

t Case 230 . — Gcfichtlichc Mcdicin, 6tli ed. , Berlin, 1876. 
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(No. 2386c.) of an infant 13 months old; the infant drank a teacupful 
of strong hydrochloric acid, and died nine hours after the dose. The 
pharynx and the upper end of the gullet is quite normal, the corrosive 
action commencing at the lower end, so that, although the acid was con* 
centrated, not the slightest effect was produced on the delicate mucous 
membrane of the throat and upper part of the gullet. The lower end of 
the gullet and the whole of the stomach were intensely congested ; the 
rugae of the latter were ecchymosed aud blackened by the action of 
the acid. There were also small haemorrhages in the lungs, which were 
ascribed to (he action of the acid on the blood. Perforation of the 
stomach has not been noticed in hydrochloric acid poisoning. 

In Guy’s Hospital museum (prep. 1799 10 ) , the stomach and duodenum 
of the case mentioned exhibit the mucous membrane considerably 
injected, with extravasations of blood, which, at the time when the 
preparation was first arranged, were of various hues, but are now some* 
what altered, through long keeping in spirit. In St. George’s Hospital 
museum (ser. x. 43, d. 200) are preserved the stomach and part of the 
duodenum of a person who died from hydrochloric acid. The case is 
detailed in the Medical Times and Gazette for 1853, vol. ii. p. 513. The 
whole inner surface appears to be in a sloughing state, and the larynx 
aud lung were also inflamed. In St. Bartholomew’s Hospital museum 
(1946, f. 1899) is preserved the oesophagus and stomach of an infant 
aged 1 year who died from hydrochloric acid poisoning. The mucous 
membrane of the gullet is white and Snivelled, that of the stomach 
covered with large patches of a dark brown colour which represent 
altered blood. The effect ceases at the pylorus, 

A preparation, presented by Mr. Bowman to King’s College Hospital 
museum, exhibits the effects of a very large dose of hydrochloric acid. 
The gullet has a shrivelled and worm-eaten appearance ; the stomach is 
injected with black blood, and was filled with an acid, grumous matter.* 

Looking at these and other museum preparations illustrating the 
effects of sulphuric and hydrochloric acids, it is difficult (in default of 
the history of the cases) to distinguish between the two, by the naked- 
eye appearances, save in those cases in which the disorganisation was so 
excessive as to render hydrochloric acid improbable. On the other hand, 
the changes produced by nitric acid are so distinctive, that it is im- 
possible to mistake its action for that of any other acid. The nitric 
acid pathological preparations may be picked out at a glance. 

* A drawing of parts of the gullet and stomach is given in Guy and Ferrier’s 
Forensic Medicine. 
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Detection and Estimation of Free Hydrochloric Aeid. 

§77. (1) Detection. — A large number of colouring reagents have 
been proposed as tests for the presence of free mineral acid. Among the 
best is methyl-aniline violet decolorised by a large amount of hydrochloric 
acid; the violet turns to green with a moderate quantity, and to blue 
with, a small quantity. 

Tropasolin (00), in the presence of free mineral acid, strikes a ruby* 
red to a dark brown-red. 

Congo ^ed is used in the form of paper dyed with the material ; 
large amounts of free hydrochloric acid strike blue-black, small quan- 
tities blue. 

G-iinzburg’s test is 2 parts phloroglucin and' 1 part vanillin, dissolved 
in 100 parts of alcohol. Fine red crystals are precipitated on the 
addition of hydrochloric acid. To test the stomach contents for free 
hydrochloric acid by means of this reagent, equal parts of the fluid and 
the test are evaporated to dryness in the water-bath in a porcelain dish. 
If free hydrochloric acid be present, the evaporated residue shows a red 
colour ; 1 mgrm. of acid can by this test be detected. The reaction is 
not interfered with by organic acids, peptones, or albumin. 

Jaksch speaks highly of bentopurpmin as a test. Filter-paper is 
soaked in a saturated aqueous solution of benzopurpurin 6 B (the variety 
I or 4 B is not so sensitive), and the filter-paper thus prepared allowed 
to dry. On testing the contents of the stomach with the reagent, If 
'there is more than. 4 parts per 1000 of hydrochloric acid the paper is 
stained intensely blue-black; but if the colour is brown-black, this is 
from butyric or lactic acids, or from a mixture of these acids with 
hydrochloric acid. If the paper is washed with pure ether, and the 
colour was due only to organic acid, the original hue of the paper is 
restored ; if the colour produced was due to a mixture of mineral and 
organic acids, the brown-black colour is weakened ; and, lastly, if due to 
hydrochloric acid alone, the colour is not altered by washing with ether, 
Add salts have no action, nor is the test interfered with by large 
amounts of albumins aud peptones, 

A. Villiers and M. Favolle * have published a sensitive test for 
hydrochloric acid, The test consists of a saturated aqueous solution of 
colourless aniline, 4 parts; glacial acetic aeid, 1 part; 0T mgrm. of 
hydrochloric acid strikes with, this reagent a blue colour, 1 mgrm. a 
black colour. The liquid under examination is brought by evaporation, 
or by the addition of water, to 10 ac. and placed in a flask ; to this is 
added 5 c.e. of a mixture of equal parts of sulphuric acid and water, 
* Couiptes Bend,, exviii, 
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then 10 c.c. of a saturated solution of potassic permanganate, and heated 
gently, conveying the gases into 3 to 5 c.c. of the reagent contained in 
a test tube immersed in water. If, however, bromine or iodine (one or 
both) should be present, the process is modified as follows : — The 
hydracids are precipitated by silver nitrate j the precipitate is washed, 
transferred to a small flask, and treated with 10 c.c. of water aud 1 c.c. 
of pure ammonia. With this strength of ammonia the chloride of silver 
is dissolved easily, the iodide nob at all, and the bromide but slightly. 
The ammoniacal solution is filtered, boiled, and treated with SH 2 ; the 
excess of SH 2 is expelled by boiling, the liquid filtered, reduced to 10 
c.c. by boiling or evaporation, sulphuric acid and permanganate added 
as before, and the gases passed into the aniline. The process is 
inapplicable to the detection of chlorides or hydrochloric acid if 
cyanides are present, and it is more adapted for traces of hydrochloric 
acid than for the quantities likely to be met with in a toxicological 
inquiry. 

(2) Quantitative estimation of Free Hydrochloric Acid. — The 
contents of the stomach are diluted to a known volume, say 250 or 500 
c.c. A fractional portion is taken, say 10 c.c., coloured with litmus or 
phenolphthalein, and a decinormal solutiou of soda added drop by drop 
until the colour changes j this gives total acidity. Another 10 c.c. is 
shaken with double its volume of ether three times, the fluid separated 
from ether and titrated in the same way ; this last titration will give the 
acidity due to mineral acids and acid salts ; * if the only mineral acid 
present is hydrochloric acid the results will be near the truth if reckoned 
as such, aud this method, although not exact for physiological research, 
is usually sufficient for the purpose of ascertaining the amount of 
hydrochloric acid or other mineral acids in a case of poisoning. It 
depends on the fact that ether extracts free organic acids, such as 
butyric and lactic acids, but does not extract mineral acids. 

The free mineral acid, after extracting the organic acid by ether, can 
also be saturated with cinchonine ; this hydrochlorate of cinchonine is 
extracted by chloroform, evaporated to dryness, and the residue dissolved 
in water acidified by nitric acid and precipitated by silver nitrate ; the 
silver chloride produced is collected on a small filter, washed, and the 

* To distinguish between acidity due to free acid aud acid salts, or to acidity due 
to the combined action of acid salts and free acids, the method of Leo and XJIfelmann 
is useful. A fractional portion of the contents of the stomach is triturated with pure 
calcium carbonate; if all the acidity is due to free acid, the fluid in a short time 
becomes neutral to litmus ; if, on the other hand, the acidity is due entirely to acid 
salts, the fluid remains acid ; or, if due to both acid and add salts, there is a propor. 
donate diminution of acidity due to the decomposition of the lime carbonate by the 
free acid. A quantitative method has been devised upon these principles. See Leo, 
Diag\ostik der Krankhcitm tier Verdauung$mjane , Hirscliwald, Berlin, 1890. 
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filter, with its contents, dried and ignited in a porcelain crucible ; the 
silver chloride, multiplied by 025426, equals HC1. 

The best method of estimating free hydrochloric acid in the stomach 
is that of Sjokvist as modified by v, Jaksch ; * it has the disadvantage 
of its accuracy being interfered with by phosphates ; it also does not 
distinguish between actual free HC1 and the loosely bound HC1 with 
albuminous matters, — this in a toxicological case is of small importance, 
because the quantities of HC1 found are likely to be large. 

The method is based upon the fact that if carbonate of baryta be 
added to the contents of the stomach, the organic acids will decompose 
the barium carbonate, forming butyrate, acetate, lactate, etc., of barium ; 
and the mineral acids, such as hydrochloric acid, will combine, forming 
salts of barium. 

On ignition, chloride of barium will be rvuaffected, while the organic 
salts of barium will be converted into carbonate of barium, practically 
insoluble in carbonic acid free water. 

The contents of the stomach are coloured with litmus, and barium 
carbonate added until the fluid is no longer acid (as shown by the dis- 
appearance of the red colour); then the contents are evaporated to 
dryness in a platinum dish, and ignited at a dull red heat ; complete 
burning to an ash is not necessary. After cooliug, the burnt mass is 
repeatedly exhausted with boiling water, and filtered ; the chloride of 
barium is precipitated from the filtrate by means of dilute sulphuric 
acid ; the barium sulphate filtered off, washed, dried, and, after ignition, 
weighed ; 233 parts of barium sulpliate equal 73 parts of HC1, 

A method somewhat quicker, but depending on the same principles, 
has been suggested by Braun. t A fractional part, say 10 c.c., of 
the fluid contents is coloured by litmus and titrated with deciuormal 
soda, To the same quantity is added 2 or 3 more c.c. of deciuormal 
soda than the quantity used in the first titration ; this alkaline 
liquid is evaporated to dryness and ultimately ignited, To the ash 
is now added exactly the quantity of deciuormal sulphuric acid as the 
decinormal soda last used to make it alkaline — that is to say, if the 
total acidity was equal to 3'6 d.n. soda, and 5'6 d.n. soda was added to 
the 10 o.c. evaporated to dryness and burned, then 5'6 c.c. of dn. 
sulphuric acid is added to the ash, The solution is now warmed to get 
rid of carbon dioxide, and, after additiou of a little phenolphthalein, 
titrated with d.n. soda solution until the change of colour shows satura- 
tion, the number of c.c. used, multiplied by 0 '00365, equals the HC1. 


* Klinischc Diagnostik, Dr, Rudolph v, Jakscli, Wieiin, Leipzig, 1892. Clinical 
Diagnosis. English translation, Fifth edition, London: Charles Griffin & Co., 
Limited. 

t Op. dt., S. 157. 
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§ 78. In investigating the stains from hydrochloric acid on fabrics, or 
the leaves of plants, any free hydrochloric acid may be separated by- 
boiling with water, and then investigating the aqueous extract. Should, 
however, the stain be old, all free acid may have disappeared, fend yet 
some of the chlorine remain in organic combination with the tissue, or in 
combination, with bases. Dr. Angus Smith has found weighed portions 
of leaves, etc., which had been exposed to the action of hydrochloric 
acid fumes, richer in chlorides than similar parts of the plants not thus 
exposed. 

The most accurate method of investigation for the purpose of separat- 
ing chlorine from combination with organic matters is to cut out the 
stained portions, weigh them, and burn them up in a combustion tube, 
the front portion of the tube being filled with caustic lime known to be 
free from chlorides ; a similar experiment must be made with the 
unstained portions. In this way a considerable difference may often be 
found ; and it is not impossible, in some instances, to thus detect, after 
the lapse of many years, that certain stains have been produced by a 
chlorine -holding substance. 


III.— Nitric Acid. 

§ 7 9, General Properties. — Nitric acid — commonly known in England 
as aqua fortis , chemically as nitric add, hydric nitrate, or nitric mono * 
hydrate — is a mono-hydrate of nitrogen pentoxide (N 2 0 6 ), two equi- 
valents, or 126 parts, of nitric acid containing 108 of N 2 0,,, and 18 of 
H 2 0. Anhydrous nitric acid, or nitrogen pentoxide, can be obtained by 
passing, with special precautions, dry chlorine over silver nitrate ; the 
products are free oxygen and nitrogen pentoxide, according to the fol- 
lowing equation : — 

saver Nitrate, Clilorlne. Silver Chloride, Nitrogen Pentoxide. Oxygen. 

Ag 2 0,N 2 0 5 + 2C1 — 2AgCl + N 2 0 5 + 0 

By surrounding the receiver with a freezing mixture, the acid is con- 
densed in crystals, which dissolve in water, with emission of much heat, 
forming nitric acid. Sometimes the crystals, though kept in sealed tubes, 
decompose, and the tube, from the pressure of the liberated gases, bursts 
with a dangerous explosion, 

Pure nitric acid has a specific gravity of 1'52, and boils at 98°. Dr, 
Ure examined the boiling point and other properties of nitric acid very 
fully, An acid of 1‘5 specific gravity boils at 98 '8° ; of specific gravity 
1‘45, at 115'5° j specific gravity 1’40, at 118'8° ; of specific gravity 1'42, 
at 122'8° ( 123°-124°. The acid of specific gravity 1 '42 is the standard 
acid of the British Pharmacopoeia. It can always be obtained by 
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distilling either strong or moderately weak nitric acid ; for, on the one 
hand, the acid on distillation gets weaker until the gravity of 1'42 is 
reached, or, on the other, it becomes stronger. 

It has been held that acid of 1‘42 gravity is a definite hydrate, 
(2N0 3 H, 3H 2 0) ; it corresponds to 70 per cent, of the liquid acid HNO a , 
There are also at least two other hydrates known — one an acid of 1 -484 
specific gravity, 2NO a H, H 2 0, b.p 121°; the other an acid of specific 
gravity 1‘405, 4N0 3 H, 7H 2 0, b.p. 125°. 

In Germany the officinal acid is of 1 '1 85 specific gravity, correspond, 
ing to about 30 per cent, of HM0 3 . The dilute nitric acid of the 
Pharmacopoeia is a colourless liquid, of specific gravity P 101, and should 
contain about 17-4 per cent, of acid. The adds used in various in. 
dustries are known respectively as dyers’ and engrave. rtf acid. Dyers’ 
acid has a specific gravity of T33 to 1 ‘34 (66° to 68° Twad.), that is, 
strength from 56 to 58 per cent, of HNO s . Engravers' acid is stronger, 
being of P40 specific gravity (80° Twad,), and contains 70 per cent of 
HN0 3 . Although the pure acid of commerce is (and should be) almost 
colourless, most commercial specimens are of hues from yellow up to 
deep red. An acid saturated with red oxides of nitrogen is often known 
as ‘'fuming nitric acid/’ 

§ 80, Use in the Arts,— Nitric acid is employed very extensively in 
the arts and manufactures, The dyer uses it as a solvent for tin in the 
preparation of valuable mordants for calico and other fabrics ; the 
engraver uses it for etching copper, It is an indispensable agent in the 
manufacture of gun-cotton, nitre. glycerin, picric- acid, and sulphuric 
acid; it is also used in the manufacture of tallow, in preparing the felt 
for hats, and In the gilding trades. It is said to be utilised to make 
yellowish or fawmcoloured sprots on cigar leaves, so as to give them the 
appearance of age and quality It is also used as a medicine. 

§ 81. Statistics of Poisoning by Nitric Acid, — In the ten years 
ending 1903 one case of murder was ascribed to nitric acid, and it 
caused accidentally 21 deaths, and was used in 69 cases of suicide. 

The following table gives the sex distribution of these deaths : — 

DEATHS IN ENGLAND AND WALES DURING THE TEN YEARS 
ENDING 1903 FROM NITRIC ACID. 


Accident ok Negligence, j Suicide, 


Males, , 

. 

. 13 

Males, . 

. . . 

, 46 

Females, 

. 

. 8 

Females, 

. 

. 23 


Total, 

. 21 


Total, 

. 69 


§82, Patal Dose, — The dose which causes death has not been ascev* 
tamed with any exactness, As in the case of sulphuric acid, we may go 
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so far as to say that it is possible for a few drops of the strong acid 
to be fatal, for if brought into contact with the vocal apparatus, fatal 
spasm of the glottis might be excited. The smallest dose on record is 
7'7 grnis. (2 drachms), which killed a child aged 13. 

§ 83. Action of Nitric Acid on Vegetation, — Nitric acid acts on 
plants injuriously in a twofold manner — viz., by direct corrosive action, 
and also by decomposing the chlorides which all plants contain, thus 
setting free chlorine, which decomposes and bleaches the chlorophyll. 
The action is most intense on soft and delicate leaves, such as those of 
clover, the cabbage, and all the cruciferse. The tobacco plant is particu- 
larly injured by nitric acid. Next to all herbaceous plants, trees, such 
as the apple, pear, and other fruit trees, generally suffer. The coniferse, 
whether from their impregnation with resin, or from some other cause, 
possess a considerable resisting-power against nitric acid vapours, and 
the same is true as regards the cereals ; in the latter case, their siliceous 
armour acts as a preserving agent. 

§ 84. Nitric Add Vapour, — The action of nitric acid in a state of 
vapour, as evolved by warming potassic nitrate and sulphuric acid 
together, has been studied by Eulenberg. A rabbit was placed under a 
shade into which 63 grammes of nitric acid in a state of vapour were in- 
troduced. From the conditions of the experiment, some nitric peroxide 
must also have been present. Irritation of the external mucous mem- 
branes and embarrassment in breathing were observed. The animal in 
forty-five minutes was removed, and suffered afterwards from a croupous 
bronchitis, from which, however, it completely recovered in eleven days. 
A second experiment with the same animal was followed by death. On 
inspection, there was found strong injection of the cerebral membranes, 
with small extravasations of blood ; the lungs were excessively con- 
gested ; the right middle lobe especially was of a liver-brown colour, and 
empty of air : it sank in water, 

0. Lassar'* has also made a series of researches on the influence of 
nitric acid vapour, from which he concludes that the acid is not absorbed 
by the blood, but acts only by its mechanical irritation, for he could not 
trace, by means of an examination of the uriue, any evidence of such 
absorption. 

There are a few instances on record of the vapour having been fatal 
to men ; for example, the well-known case of Mr, Haywood, a chemist of 
Sheffield, may be cited, In pouring a mixture of nitric and sulphuric 
acids from a carboy of sixty pounds capacity, the vessel broke, and for 
a few minutes he inhaled the mixed fumes. He died eleven hours after 
the accident, although for the first three hours there were scarcely any 
symptoms of an injurious effect having been produced. On inspection, 

* Hoppe-Seyler’s ZeUschriftf physiol , Chemie, Bd. i. S. 165-173, 1877—78, 
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there was found intense congestion of the windpipe and bronchial tubes, 
with effusion of blood in the latter. The lining membrane of the heart 
and aorta was inflamed ; unfortunately, the larynx was not examined.'* * * § ' 

A very similar case happened in Edinburgh in 1863. f Two young 
men were carrying a jar of nitric acid ; the jar broke, and they attempted 
to wipe up the acid from the floor, The one died ten hours after the 
accident, the other in less than tweuty*four hours. The symptoms were 
mainly those of difficult breathing, and it is probable that death was 
produced from suffocation. Dr, Taylor relates also, that having accident- 
ally inhaled the vapour in preparing gun. cotton, he suffered from severe 
constriction of the throat, tightness in the chest, and cough, for more 
than a week.:;: 

§ 85. Effects of Liquid Nitric Acid, — Criminal poisoning by nitric 
acid, though still rare, is naturally more frequent than formerly, At 
the beginning of the 19th century, Tartra§ wrote a most excellent mono- 
graph ou the subject, and collated all the cases he could find, from the 
first recorded instances related by Beinbo|| in Venetian history, down to 
bis own time, The number of deaths in those 400 years was but fifty- 
five, while, in the 18th century, at least fifty can be numbered in England. 
Most of these (74 per cent.) are suicidal, a very few homicidal, the rest 
accidental. In one of Tartra’s cases, some nitric acid was placed in the 
wine of a drunken woman, with fatal effect. OsenbriiggcnH relates the 
case of a father murdering Iris six children by means of nitric acid ; and 
C. A. Buckner ** that of a soldier who poured acid into the month of his 
illegitimate infant. A curious case is one in which a man poisoued his 
drunken wife by pouring the acid into her right ear ; she died after six 
weeks’ illness. All these instances prove again, if necessary, that the 
acid is only likely to be used with murderous intent in the case of 
young children, or of sleeping, drunken, or otherwise helpless people. 

As au example of the way in which accidents arc brought about by 
heedless ness, may be cited the comparatively recent case of a woman 
who bought a small quantity of aqua fortis for the purpose of allaying 
toothache liy a local application. She attempted to pour the acid 
direct from the bottle into the cavity of the tooth ; the acid went down 
her throat, and the usual symptoms followed. She threw up a very 


* Lumet, April 15, 1854, p. 430. 

t CJmitiml N’otos, March 14, 1863, p, 132, 

J PHiieijilcs anil Practice <<f Medico.!. Junsjirudimec, vul, i. ji 218, 1873. 

§ Tnrtra, A, I?,, Dr., 'Prail.6 do V Jtitipoixinncncenl par V Ankle NUrujuc, Paris, 
Au. 10 (1802), pp. 300. 

|| Paiibo Card’ikalis, Kcnna ViMcturium IUxtoria ;, lil>, i. p, 12, 1 'mis ltd,, 1551. 
11 AUyaa.'fJculxcht. StrafrccJUxstyitUHg, Jieranisyeg. », Frz, v. H<tUzc,t4»r(/\ 5 
Jalng. , lift 5, rS. 273, 1865. 

** Kricdcricli’n IHdttcr /. ycr. J/W/., 1866, rift. 3, S. 187. 
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perfect cast of the gullet (preserved in University College museum), 
and rapidly died. Nitric acid has been mistaken for various liquids, 
and has also been used by injection as an abortive, in every 
respect having a toxicological history similar to that of sulphuric 
acid. 

§ 86. Local Action, — When strong nitric acid comes in contact with 
organic matters, there is almost constantly a development of gas. The 
tissue is first bleached, and then becomes of a more or less intense 
yellow colour, Nitric acid spots on the skin are not removed by 
ammonia, but become of an orange-red when moistened with potash 
and a solution of cyanide of potassium. The yellow colour seems to 
show that picric acid is one of the constant products of the reaction ; 
sulphide of ammonium forms a sort of soap with the epidermis thus 
attacked, and detaches it. 

§ 87. Symptoms, — The symptoms and course of nitric acid poison- 
ing differ in a few details only from those of sulphuric acid. There 
is the same instant pain and frequent vomiting, destruction of the 
mucous membranes, and, in the less severe cases, after-contraction of 
the gullet, etc. 

One of the differences in the action of nitric and sulphuric acids is 
the constant development of gas with the former. This, without doubt, 
adds to the suffering. Tartra made several experiments on dead 
bodies, and showed that very considerable distension of the intestinal 
canal, by gaseous products, was the constant result ; the tissues were 
corroded and almost dissolved, being transformed, ultimately, into a 
sort of greasy paste. The vomited matters are of a yellow colour, 
unless mixed with blood, when they are of a dirty brown hue, with 
shreds of yellow mucus, and have the strong acid reaction and smell 
of nitric acid. The teeth may be partially attacked from the solvent 
action of the acid on the enamel. The fauces and tongue, at first 
blanched, soon acquire a citron-yellow, or even a brown colour ; the 
whole cavity may swell and inflame, rendering the swallowing of liquids 
difficult, painful, and sometimes impossible. The air-passages may 
also become affected, and in one case tracheotomy was performed 
for the relief of the breathing.* The stomach rejects all remedies ; 
there are symptoms of collapse ; quick, weak pulse, frequent shivering, 
obstinate constipation, and death (often preceded by a kind of stupor) 
in from eighteen to twenty-four hours. The intellectual faculties 
remain clear, save in a few rare instances. 

C. A. Wunderlich has recorded an unusual case, in which the 
symptoms were those of dysentery, and the large intestine was found 
aeutely inflamed, while the small one was little affected. The kidneys 
* Aruott, Med , Gas:. , vol, xii. p. 220, 
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had the same appearance as in Bright’s disease.* Should the dose 
of nitric acid be insufficient to kill at once, or, what amounts to 
the same thing, should the acid be immediately diluted with water, 
or in some way be neutralised, the patient, as in the case of 
sulphuric acid, may yet die at a variable future time from stenosis 
of the gullet, impaired digestion, eta For example, in an interest* 
iug case related by Tartra,f a woman, who had swallowed 42 
grms. (1‘5 oz.) of nitric acid, feeling acute pain, took immediately a 
quantity of water, and three hours afterwards was admitted into 
hospital, where slic received appropriate treatment. At the end of a 
mouth she left, believing herself cured j but in a little while returned, 
ami was re-admitted, suffering from marasmus, extreme weakness, and 
constant vomiting ; ultimately she died. The post-mortem examination 
revealed extreme contraction of the intestinal canal throughout. The 
lnrneu would hardly admit a penholder. The stomach was uo larger 
than an ordinary intestine, and was adherent to adjacent organs ; on its 
internal surface there were spots, probably cicatrices ; there were also 
changes in the gullet, but not so marked. A somewhat similar enso 
is related hy the same author in his thirteenth observation. Tn the 
Middlesex Hospital there is preserved the stomach (No. 13G3) of a 
man who died forty days after swallowing 2 oxs. of nitric acid diluted 
In a tumbler of water, The stomach is contracted, the mucous mem- 
brane of the lower part of the gullet, the lesser curvature, and the 
pyloric cud of the stomach is extensively corroded, showing ulcerated 
patches commencing to cicatrise 

§ 88. Post-mortem Appearances. — The pathological changes in 
the tongue, gullet, and stomach can be readily studied from the 
preparations in the different museums. The staining by tlm nitric 
acid appears unchanged to the naked eye for many years; hence, 
most of the nitric acid preparations arc in an excellent state of pre- 
servation. A very good example of the pathological changes is 1.0 he 
found in Nos. 1049 and 1000, University College muscnui. 

Nil. 104 9 presents the tongue, pharynx, ami larynx of 11 mini wlu> hud swal lowed 
a teoeujiful of nitric acid. Tin- epithelium »f tlio ritsophagus is fin- tins most purl, 
wanting, ami Icings in sit reds; the ilorsuui >if the tongue, in front of tin: ftircluin 
vallate papilla, is excavated, and over its central part superficially ulcerated ; in 
other planes the tongue is encrusted with 11 thick, loose, fawn-coloured layer, formed 
prolahly of di-sipialuulnl epithelium. The whole of the mucous surface is stained a 
dirty yellow. 

No. lOfiO is a preparation showing the tongue, gullet, and stouiueh of a person 
who died from till: I.'lli'id.s of nitric acid. The tongue in places is smooth and glazed ; 


* Ik Aetioni/ias i/ui/iiMt/atu AHA’ Nitriei Cuu/i/it'v in r-uyiitv //«<«ao <u<t im 
missi. Prn(iram«<ti Arutleuu, l.ipsiie, 18f-7, 4. 
t Of. cit. 
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in others slightly depressed and excavated. On the anterior -wall and upper portion 
of the gullettwo large sloughs exist 

Although perforation of the stomacli is not so common with nitric as ■with sul* 
phuric acid, such an accident may occur, as shown in a preparation at Guy’s HoS' 
pital, in which there is a perforation at the cardiac end. A.]] the mucous membrane 
has disappeared, and the inner surface is for the most part covered with fiocculeut 
slircds. Three ounces of nitric acid are said to have been swallowed, and the 
patieut lived seventeen hours. There is the usual staining. There is also in the 
Middlesex Hospital (No. 1364) the esophagus and stomach of a woman aged 30, 
who died six hours after swallowing 2 to 3 ozs. of strong nitric acid. The inner 
coats of the mucous membrane of the gullet and stomach are iu part converted into 
opaque yellow and black eschars, and iu part to a shreddy pulpy condition. At 
the most deeding part of the stomach is a large ragged perforation, with pulpy 
margins, which allowed the contents of tiie stomach to escape into the peritoneal 
cavity. 

In St Bartholomew’s museum them is a very good specimen (No. 1870) of the 
appearances in the gullet and stomach after poisoning by nitric acid. The case is 
detailed in St. Bartholomew’s Eospltal Reports, vol. v. p. 247. A male died in 
fifteen hours after swallowing 1 oz. of nitric acid. The whole mucous membrane 
is wrinkled, or rather ploughed, into longitudinal furrows, the yellow discoloration 
steps abruptly, with an irregular border, at the commencement of the stomach, the 
epithelial and mucous coats of which are wanting — its surface being rough and of a 
brownistered colour. 

The following preparations are to be found in the museum of the London 
Hospital A. b. 1. audA. b. 8. — A. b. 1. shows the pharynx, oesophagus, larynx, 
and stomach of a yon ug woman . who, after taking half an ounce of nitric acid , died 
in eight hour's. The staining is very intense ; as an unusual feature, it may be 
noted that the larynx is almost as yellow as the resophagus. The abrasion orsolu* 
tiou of the epithelium on the dorsum of the tongue has dissected out the civcum vallate 
and fungiform papillae, so that they project with unusual distinctness, The lining 
membrane of the gullet throughout is divided into minute squares by longitudinal 
and transverse furrows. The mucous membrane of the stomaeh appears wholly 
destroyed, and presents a woolly appearance, 

A, b. 8, shows a very perfect cast of the cesopliagus. The case was that of a 
woman, aged 35, who swallowed half an ounce of nitric acid, The symptoms for the 
first four days were the usual jain iu the throat and stomach, which might be 
expected ; the bowels were freely open, and the stools dark and offensive. Ou the 
sixth day, there was oonstant vomiting with offensive breath ; on the ninth, the 
appearaneeof the patient was critical, and she threw up the cast preserved, She died 
on the tenth day after the taking of the acid, The gullet, stomaeh, trachea, and 
laiynx were found after death much inflamed, 

Thefollowing preiarationsare inSt Thomas’ Hospital ; — P. 5. — A stomach with 
gullet attached. The stomach is covered with yellowish'green patches of false menu 
brane and deposit; the gullet lias the us'ual longitudinal furrows so characteristic 
of corrosive fluids. 

P, 6, is also from a case of uitric add poisoning, It shows the lining membrane 
of the stomaeh partly destroyed and shreddy, yet but little discoloured, the hue being 
a sort of delieato fawn. 

To these may be added a case described and figured by Lesser ; to a baby, a few 
days old, an unknown quantity of fuming nitric acid was given ; the child made a 
Striding, choking sound, and died in a few minutes. The corpse, nine days after 
death, showed no signs of decomposition, The tongue and gums were yellow, the 
gullet lessso, the stomach still less, and the small intestine had no yellow tint ; the 
whole of the mouth, gullet, and stomach showed the corrosive action of the acid, The 
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graduation of tint, Lesser remarks, is what is not seen when the yellow colour is due 
to poisoning by ehrontic acid or by strong sohitiou of ferric perebloride ; in such 
eases, wherever the liquid lias gone, there is a yellowness.* 

g 89. Detection and Estimation of Nitric Acid. — Tlic detection 
either of free nitric acid or of its salts is not difficult. Free nitric acid, 
after preliminary estimation of the total acidity hy decinonnal soda, 
may be separated by the cinchonine process given at p. IOC. On pro* 
cipitation by ammonia or soda solution, the nitrate of ammonia or soda 
(and, it may he, other similarly combined acids) remain in solution. 
If free nitric acid is present in small quantity only, it may lie necessary 
to evaporate the filtrate from the cinchonine nearly to dryness, and to 
test the concentrated liquid for nitric acid. The ordinary tests are as 
follows : — 

(1) Nitrates, treated with mercury or copper and strong sulphuric 
acid, develop nitric oxide, recognised by red fames, if mixed with air 
or oxygen. 

(2) A nitrate dissolved in a small quantity of water, with thcaddition 
of a crystal of ferrous sulphate (allowed to partially dissolve), and then 
of strong sulphuric acid — poured through a funnel with a long tube 
dipping to the bottom of tho test tube, so as to form a layer at the 
bottom— strikes a brown colour at the junction of the liquid. When 
the test is properly performed, there will he three layers — the upper- 
most being the nitrate solution, the middle ferrous sulphate, and the 
lowest sulphuric acid ; the middle layer becomes of a smoky or black 
hue if a nitrate is present. Organic matter interferes much with the 
reaction. 

(3) Nitrates in solution, treated in the cold with a xiuc copper couple, 
arc decomposed first into nitrites, and then into ammonia. The nitrites 
may he detected by a solution of nietaphenyldiannnc, which strikes 
a red colour with an infinitesimal quantity, lienee, a solution which 
gives no red colour with nietaphcuyldiamine, when submittal to the 
actiou ol a nine copper couple, ;unl tested from time to time, cannot 
contain nitrites; therefore no nitrates wove originally present. 

(4) Nitrates, ou being treated with strong .sulphuric acid, and (linn 
a solution of indigo carmine dropjxid in, decolorise the indigo ; this is 
a useful tost. — unt conclusive in itself, hut readily applied, aud if the 
cinchonine method of separation has been resorted to, with few sources 
of error, 

There is a process of separating nitric acid direct from any organic 
tissue, which may sometimes he useful : — Place the, si distance in a strong, 
wide-mouthed ilask, closed hy a caoutchouc cork, and in (.lie lla.sk put 
a small, short test tube, charged with a strong solution of feinuis 

* A. Lessor, At/ax <Av ycrick/KAten AlcdUin, Purlin, 1884, Tafel i. fig. *i. 
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chloride in hydrochloric acid. The flask is connected to the mercury 
pump (see fig. p. 50), and made perfectly vacuous by raising and 
lowering the reservoir. When this is effected, the tube is adjusted so 
as to deliver any gas evolved into a eudiometer, or other gas-measuring 
apparatus. By a suitable movement of the flask, the acid ferrous 
chloride is allowed to come in contact with the tissue, a gentle heat 
applied to the flask, and gases are evolved. These may be carbon 
dioxide, nitrogen, and nitric oxide. On the evolution of gas ceasing, 
the carbon dioxide is absorbed by passing up under the mercury a 
little caustic potash. When absorption is complete, the gas, consisting 
of nitrogen and nitric oxide, may be measured. The nitric oxide may 
now be absorbed by a strong solution of sodie metasulpliite, and from 
the contraction the nitric oxide determined. 

It is also obvious that, by treating nitric oxide with oxygen, and 
absorbing the nitric peroxide present by an alkaline liquid of known 
strength and free from nitrates or ammonia, the resulting solution may 
be dealt with by a zinc copper couple, and the ammonia developed by 
the action of the couple directly estimated by titration by a decinormal 
hydrochloric acid, if large in quantity, or by " nmlwising” if small 
in quantity. 


IV.— Acetic Acid. 

§ 90. lu the ten years ending 1903, 21 deatlis (10 males and 11 females) occui-rcil 
in England and Wales from drinking, by mistake or design, strong acetic acid.. 

A few cases only have been recorded in medical literature, although there have 
lieeu many experiments on animals, 

The symptoms in the human subjeet consist of pain, vomiting, and convulsions, 

lu animals it causes colic, paralysis of tlie extremities, bloody urine, and cedema 
of the lungs, The lethal dose for plant-eating animals is about 0'49gramnio per kilo. 

There should be no difficulty in recognising acetic acid ; the odour alone is, in 
most cases, strong and unmistakable. Traces are detected by distilling, neutralising 
the distillate by soda, evaporating to dryness, and treating the residue as follow's : — 
A portion warmed wdtli alcohol and sulphuric acid gives a smell of acetic ether. 
Another portion is heated in a small tube of hard glass with arsenions acid ; if 
acetic acid is present, or an acetate, a smell of kakodyl is produced. 


V,— Ammonia. 

§ 91, Ammonia, (NH 3 ), is met with either as a vapour or gas, or as 
a solution of the pure gas in water. 

Properties. — Pure ammonia gas is colourless, with a strong, 
irritating, pungent odour, forming white fmnes of ammonic chloride, 
if exposed to hydric chloride vapour, and turning moist red litmus-paper 
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strongly blue. By intense cold, or by a pressure of 6£- atmospheres 
at the ordinary temperature, the gas is readily liquefied j the liquid 
ammonia boils at 38° ; its observed specific gravity is -731 ; it freezes 
at -57'1°. Ammonia is' readily absorbed by water ; at 0° water will 
take up 1000 times its own volume, and at ordinary temperatures 
about 600 times its volume. Alcohol also absorbs about 10 per cent. 
Ammonia is a strong base, and forms a number of salts. Ammonia is 
one of the constant products of the putrefaction of nitrogenous sub- 
stances ; it exists in the atmosphere in small proportions, and in every- 
thing that contains water. Indeed, water is the only compound equal 
to it in its universality of diffusion. The minute quantities of ammonia 
thns diffused throughout nature are probably never in the free state, 
but combinations of ammonia with hydric nitrate, carbon dioxide, etc. 

§ 92. Uses.* — A solution of ammonia in water 1ms many applications 
in the arts and industries j it is used in medicine, and is an indispensable 
laboratory reagent. 

Tire officinal caustic preparations of ammonia arc — ammonia: liquor 
foHior ( stronij solution of ammonia), which should contain 32'5 per 
cent, of ammonia, aud have a specific gravity of '891. 

Liquor ammonias (solution of ammonia), specific gravity '959, and 
containing 10 per cent, of ammonia. There is also a liniment of 
ammonia, composed of olive oil, 3 parts, and ammonia, 1 part. 

Sjnritus Ammonia: Fastidus (furtid spirit of ammonia). — A solution 
of asafoctida in rectified spirit and ammonia solution ; 100 parts by 
measure, contain 10 of stroug solution of ammonia. 

Strong solution of ammonia is an important iugredient in the “ lini- 
mentnm camphorce composita ” (compound liniment of camphor), the 
composition of which is as follows: — camphor, 2 '5 parts j oil of lavender, 
■125; stroug solution of ammonia, 5'0 ; and rectified spirit, 15 parts. 
Its content of strong solution of ammonia is then about 22 '6 per cent, 
(equivalent to 7 '3 of NII 3 ).f 

The carbonate if ammonia is also caustic ; it is considered to be a 
compouud of acid carbonate of ammonium, NII 4 1IG’0 3 , with carbamate 
of ammonium, NHjNHjCO.,. It is in the form of colourless, crystalline 
masses ; the odour is powerfully annnouiacal ; it is strongly alkaline, and 
the taste is acrid. It completely volatilises with heat, is soluble in 
water, aud somewhat soluble in spirit. 

Tire officinal preparation is the “ sjnritus ammonia: arumalicus," or 

* Sir B. "W. Richardson lias shown that ammonia possesses powerful antiseptic 
properties, — Brit. Med, Journal, 1862, 

t There is a common linimunt for horses used in stables, aiirl popularly known 
as “white oil.” It contains- 1 part of ammonia, and 4 parts of olive or rape oil ,- not 
unfreqiiuntly turpentine is added, Another veterinary liniment, called "egg oil,” 
contains auuuouia, oil of origanum, turpentine, and the yelks of eggs. 
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aromatic spirit of ammonia. It is made by distilling in a particular way 
ammonic carbonate, 4 ozs. ; strong solution of ammonia, 8 ozs. ; rectified 
spirit, 1 20 ozs. ; water, 60 ozs. ; volatile oil of nutmeg, 4| dims. ; and oil 
of lemon, 6.V dmis. Aromatic spirit of ammonia is a solution in a weak 
spirit of neutral carbonate, flavoured with oil of lemon and nutmeg ; the 
specific gravity should be 0'89G. 

Smelliwj salts ( sal volatile) are composed of carbonate of ammonia. 

§ 93. Statistics. — Falek lias found throughout literature notices of 
thirty cases of poisoning by ammonia, or some of its preparations. In 
two of these it was used as a poison for the purpose of murder, and iu 
eight with suicidal intent ; the remainder were all accidental. The two 
criminal cases were those of children, who both died. Six out of eight 
of the suicidal and twelve of the twenty accidental cases also terminated 
fatally. 

Ammonia was the cause of 123 deaths (60 male, 63 female) by 
accident, aud of 93 (39 male, 54 female) by suicide, making a total of 
186 during the ten years ending 1903 in England and Wales. 

§ 94. Poisoning by Ammonia Vapour. — Strong ammoniacal vapour 
is fatal to both animal and vegetable life. There are, however, but few 
instances of poisoning by ammonia vapour ; these few cases have been, 
without exception, the result of accident. Two cases of death are re- 
corded, due to au attempt to rouse epileptics from stupor, by an 
injudicious use of strong ammonia applied to the nostrils. In another 
case, when hydrocyauic acid had been taken, there was the same result. 
An instance is also on record of poisonous effects from the breaking of a 
bottle of ammonia, and the sudden evolution in this way of an cuormous 
volume of the caustic gas. Lastly, a man employed in the manufacture 
of ice, by means of the liquefaction of ammonia (Carre’s process), breathed 
the vapour, and had a narrow escape for his life. 

§ 95. Symptoms, — The symptoms observed iu the last case may well 
serve as a type of what may be expected to occur alter breathing 
ammonia vapour. The man remained from five to ten minutes in the 
stream of gas ; he then experienced a feeling of anxiety, and a sense of 
constriction in the epigastrium, burning hi the throat, and giddiness. Me 
vomited. The pulse was small and frequent, the face pale, the mouth 
and throat strongly reddened with increased secretion, Auscultation 
and percussion of the chest elicited nothing abnormal, although during 
the course of four days he had from time to time symptoms of suffocation, 
which were relieved by emetics, He recovered by the eighth day.* 

In experiments on animals, very similar symptoms are produced, 
There is increased secretion of the eyes, nose* and month, with redness. 
The cry of cats becomes remarkably hoarse, and they generally vomit. 

* Schmidt’s Jahrbueh, 1872, i. S. 30. 
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Great difficulty in breathing and tetanic convulsions are present. When 
the animal is confined in a small closed chamber, death takes place in 
about a quarter of an horn'. 

On section, the bronchial tubes, to the finest ramifications, are found 
to be filled with a tenacious mucus, and the air-passages, from the glottis 
throughout, reddened. The lungs are emphysematous, but have not 
always any special colour ; the heart contains but little coagulated 
blood ; the blood has a dark red colour. 

§ 96. The chronic effects of the gas, as shown in workmen engaged in 
manufactures in which the fumes of ammonia are frequent, appear to be 
an inflammation of the eyes and an affection of the skin. The latter is 
thought to be due to the ammonia uniting to form a soap with the oil 
of the lubricating skin glands. Some observers have also noticed deaf* 
uess, aud a peculiar colour of the skin of the nose and forehead, among 
those who work in guano manufactories. Its usual action on the body 
appears to be a diminution of the healthy oxidation changes, and a 
general lowering of bodily strength, with evident anosmia. 

§97. Ammonia in Solution. — Action on Plants. — Solutions of 
strong ammonia, or solutions of the carbonate, act injuriously on vege* 
table life, while the neutral salts of ammonia are, on the contrary, 
excellent manures. A 30 per cent, solution of ammonia carbonate kills 
most ph uits within an hour, aud it is indifferent whether the whole plant 
is watered with this solution, or whether it is applied only to the leaves. 
If, after this watering of the plant with ammonia carbonate water, the 
injurious salt is washed out as far as possible by distilled water, or by a 
weakly acidulated fluid, then the plant may reoover, after having shed 
more or less of its leaves, These facts sufficiently explain the injurious 
effects noticed when urine is applied direct to plants, for uriuo in a very 
short time becomes essentially a solution of annnonic carbonate. 

§ 98, Action on Human Beings and Animal Life. — The violence 
of the action of caustic solutions of ammonia almost entirely depends on 
the state of concentration, 

The local action of the strong solution appears to be mainly the 
extraction of water and the saponifying of fat, making a soluble soap. 
On delicate tissues it lias, therefore, a destructive action ; hut S, Samuel * 
has shown tint ammonia, when applied to the unbroken epidermis, does 
not have the same i u tense action as potash or soda, nor does it coagulate 
albumen. Blood, whether uxposed to ammonia gas, or mixed with soln* 
lion of mamonia, becomes immediately dark red; then, later, through 
destruction of the blood corpuscles, very dark, even black ; lastly, a dirty 
browu*red. The oxygen is expelled, the hsemoglobin destroyed, and the 
blood corpuscles dissolved. 

* Virchow's Archlv f. iMth. Anal., Bd, li. lift. 1 11 . 2, S, 41, etc., 1870. 
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The albumen of the blood is changed to alkali-albuminate, and the 
blood itself will not coagulate. A more or less fluid condition of the 
blood has always been noticed in the bodies of those poisoned by 
ammonia. 

Blood exposed to ammonia, when viewed by the spectroscope, shows 
the spectra of alkaline li£ematin, a weak absorption band, in the neigh- 
bourhood of D ; but if the blood has been acted on for some time by 
ammonia, then all absorption bands vanish. These spectra, however, are 
not peculiar to ammonia, the action of caustic potash or soda being 
similar. The muscles are excited by ammonia, the functions of the 
nerves are destroyed. 

"When a solution of strong ammonia is swallowed, there are two main 
effects — (1) the action of the ammonia itself on the tissues it conies into 
contact with, and (2) the effects of the vapour on the air-passages. 
There are, therefore, immediate irritation, redness, and swelling of the 
tongue and pharynx, a burning pain reaching from the mouth to the 
stomach, with vomiting, and, it may be, nervous symptoms. The saliva 
is notably increased. In a case reported by Fonssagrives,*' no less than 
3 litres were expelled in the twenty-four hours. Often the glands 
under the jaw and the lymphatics of the neck are swollen. 

Doses of from 5 to 30 grammes of the strong solution of ammonia 
may kill as quickly as prussic acid. In a ease recorded by Christison,f 
death occurred in four minutes from a large dose, doubtless partly by 
suffocation, As sudden a result is also recorded by Plenk : a man, 
bitten by a rabid dog, took a mouthful of spirits of ammonia, and died 
in four minutes. 

If death does not occur rapidly, there may be other symptoms — 
dependent not upon its merely local action, but upon its more remote 
effects. These mainly consist iu an excitation of the brain and spinal 
cord, and, later, convulsive movements deepening into loss of conscious- 
ness. It has been noticed that, with great relaxation of the muscular 
system, the patients complain of every movement causing pain. With 
these general symptoms added to the local injury, death may follow 
many days after the swallowing of the fatal dose. 

Death may also occur simply from the local injury done to the 
throat and larynx, and the patient may linger some time. Thus, in a 
case quoted by Taylor, | in which none of the poison appears actually to 
have been swallowed, the man died nineteen days after taking the 
poison from inflammation of the throat and larynx. As with the strong 
acids, so with ammonia and the alkalies generally, death may also be 

* L' Union Mddicale, 1857, No, 13, p, 49, No. 22, p, 90. 

t Christison, 167, 

+ Principles of Jurisprudence, i. p, 235, 
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caused many weeks and eveu months afterwards from the effects of con- 
traction of the gullet, or from the impaired nutrition consequent upon the 
destruction, more or less, of portions of the stomach or intestinal canal. 

§ 99. Post-mortem Appearances. — In recent eases there is an 
intense redness of the intestinal canal, from the mouth to the stomach, 
and even beyond, with here and there destruction of the mucous mem- 
brane, and even perforation. A wax preparation in the museum of 
University College (No. 2378) shows the effects on the stomach produced 
by swallowing strong ammonia ; it is ashen -gray in colour, and most of 
the mucous' membrane is, as it were, dissolved away ; the cardiac end is 
much congested. 

The contents of the stomach are usually coloured with blood ; the 
bronchial tubes and glottis are almost constantly found inflamed — even a 
croup. like (or diphtheritic) condition has been seen. (Edema of the glottis 
shonld also be looked for : in one case this alone seems to have accounted 
for death. The blood is of a clear red colour, and fluid. A smell of 
ammonia may be present, 

If a sufficient time has elapsed for secondary effects to take place, then 
there may be other appearances. Thus, in the ease of a girl who, falling 
into a fainting lit, was treated with a draught of undiluted spirits of 
ammonia and lived lour weeks afterwards, the stomach (preserved in 
St George’s Hospital museum, 43 b, ser, ix.) is seen to be much dilated 
and covered with cicatrices, and the pylorus is so contracted as hardly to 
admit a small bougie. It has also been noticed that there is generally a 
fatty degeneration of both the kidneys and liver. 

It need scarcely he observed that in such eases no free ammonia 
will be found, and the question of the cause of death must necessarily 
be wholly medical aud pathological. 

§ 100. Separation of Ammonia, — Ammonia is separated in all cases 
by distillation, and if the organic or other liquid is already alkaline, 
it is at once placed iu a retort aud distilled. If neutral or acid, a little 
burnt magnesia may be added until the reaction is alkaline. It is gener. 
ally laid down that the contents of the stomach in a putrid condition 
cannot he examined for ammonia,, because ammonia is already present as 
a product of decomposition; hut even under these circumstances it is 
possible bo give an opinion whether ammonia in er-eess is prescut. For 
if, after carefully mixing the whole contents of the stomach, and then 
drying a portion and reckoning from that weight the total nitrogen 
(considering, for this purpose, the contents to consist wholly of albumen, 
which yields about 1C per cent, of nitrogen) — under these conditions, 
the contents of the stomach yield move than 10 per cent, of nitrogen as 
ammonia reckoned on the dry substance, it is tolerably certain that 
ammonia not derived from the food or the tissues is present. 
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If, also, there is a sufficient evolution of ammonia to cause white 
fumes, when a rod moistened with hydrochloric acid is brought near to 
the liquid, au effect never noticed with a normal decomposition, the 
presence of extrinsic ammonia is probable, 

An alkaline-reacting distillate, which gives a brown colour with the 
“Nessler” reagent, and which, when carefully neutralised with sul- 
phuric acid, on evaporation to dryness by the careful heat of a water- 
bath, leaves a crystalline mass volatilisable by heat, and giving a copious 
precipitate with an alcoholic solution of platinic chloride, but is hardly 
at all soluble in absolute alcohol, can be uo other substance than 
ammonia, 

§ 101, Estimation, —Ammonia is most quickly estimated by distil- 
ling, receiving tlie distillate in decinonuul acid, and then titrating back. 
It may also be estimated as the double chloride of ammonium and plati- 
num (NH 4 Cl) 2 PtCi 4 . The distillate is exactly neutralised by HC1, 
evaporated to near dryness, and au alcoholic solution of platinic chloride 
added in sufficient quantity to be always in slight excess, as shown by 
the yellow colour of the supernatant fluid, The precipitate is collected, 
washed with a little alcohol, dried, and weighed on a tared filter ; 100 
parts of the salt are equal to 7'6 of NH 3 , 


VI,— Caustic Potash and Soda. 

§ 102, There is so little difference in the local effects produced by 
potash and Soda respectively, that it will be convenient to treat them 
together. 

Potash (potassa caustica), — Hydrate of potassium (KHO), com- 
bining weight 56, specific gravity 2T. 

Properties, — Pure ’hydrate of potassium is a compact, white solid, 
usually met with in the form of sticks. When heated to a temperature 
a little under redness, it melts to a nearly colourless liquid ; in this state 
it is intensely corrosive. It rapidly absorbs moisture from the air, and 
moist potash also absorbs with great avidity carbon dioxide ; it is power- 
fully alkaline, changing red litmus to blue. It is soluble in half its 
weight of cold water, great heat being evolved during solution ; it forms 
two definite hydrates— one, KHO + H 2 0 ; the other, KHO + 2H,/). It 
Is sparingly soluble in ether, but is dissolved by alcohol, wood-spirit, 
fusel oil, and glycerin, 

§ 103, Pharmaceutical Preparations, — Potassium hydrate, as well 
as the solution of potash, is officinal in all pharmacopoeias. Tlie liquor 
potassce, or solution of potash, of the British Pharmacopoeia, is a strongly 
alkaline, caustic liquid, of 1-058 specific gravity, and containing 5‘84 
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per cent, by weight of KHO. It should, theoretically, not effervesce 
when treated with an acid, but its affinity for CO., is so oreat that all 
solutions of potash, which have been in any way exposed to air contain 
a little carbonate. Caustic sticks of potash and lime used to be’ officinal 
in the British Pharmacopoeia. Filho’s caustic is still in commerce and 
is made by melting together two parts of potassium hydrate and one 
part of lime m an iron ladle or vessel ; the melted mass' is now moulded 
by puring it into leaden moulds. Vienna paste is composed of equal 
weights of potash and lime made into a paste with rectified spirit or 
glycerin r 

§ 104. Carbonate of Potash (X 2 CO s + 1*11,0), when pm . e , is in the 
form of small white crystalline grains, alkaline in taste and reaction 
and rapidly deliquescing when exposed to moist air ; it gives all the 
chemical reactions of potassium oxide, and carbon dioxide Carbonate 
of potash, under the name of salt of tartar , or potashes, is sold at oil 
shops for cleansing purposes. It is supplied cither in a fairly pure state 
or as a darkish moist mass containing many impurities 

§105. Bicarbonate of Potash (KHC0 3 ) is in the form of k,. e 
transparent rhombic prisms, and is not deliquescent. The effervescing 
solution of potash ( liquor potass/ c etf erne scats) consists of 30 mains of 
KHCO 3 in a piut of water (3 '45 gnm. pot litre), and as much CO., as 
the water will take up under a pressure of seven atmospheres. 

§ 106. Caustic Soda-Sodium Hydrate (NaHO).— This substance is 
a white solid, very similar in appearance to potassium hydrate : it 
ahsorhs moisture from the air, and afterwards carbon dioxide, becom. 
ing solid again, for the carbonate is not deliquescent, In this respect, 
then, them is a great difference between potash and soda, for the former 
is deliquescent both ins hydrate and earljonutc ; a stick of potash in a 
semi-liquid state, by exposure to Urn uir, eontiuncs liquid, although 
saturated with carbon dioxide. Pure sod ium liydrate has a spceific 
gravity of 2'0 ; it dissolves in watoi' with evolution of beat, and the 
solution gives all the reactions of .sodium hydrate, and absorbs carbon 
dioxide as readily as the corresponding solution of potash. The liquor 
soika of the IIP. should contain 4'1 qcr cent of JSTallO, 

§ 107. Sodas Carbonas — Carbonate of Soda (Na„CO s 10 M 0 ) qq ic 

pure carbonate of soda for medicinal n.so is in colourless and transparent 
rhauhic octahedrons ; when exposed to uir, tlio crystals effloresce and 
crumble. Ihe sot he carbonas luutuxtda, or dried carbonate of soda, is 
simply the ordinary carbonate, deprived of its water- of crystallisation, 
which amounts to 62'9.‘i per cent. 

§ 103. Bicarbonate of Soda (Na.HCO,,) occurs in the form of 
minute crystals, or, more commonly, as a whito powder. The Iv/uor 
todai efferKscew of the IU'. is a .solution of the bicarbonate, 30 grains 
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of the salt ill 20 osss. of water (3'45 grms. per litre), the water being 
charged with us much carbonic acid as it will hold under a pressure of 
sevai atmospheres. The bicarbonate of soda lozenges ( trochisci sodee 
Ucarhonatis) contain in each lozenge 5 grains (327 mgnns.) of the 
bicarbonate. The carbonate of soda sold for household purposes is of 
two kinds — the one, "seconds,” of a dirty white colour and somewhat 
impure; the other, ‘'best,’ 1 is a white mass of much greater purity. 
Jai.'dle water (Eazt de Jacdle) is a solution of hypochlorite of soda ; its 
action is poisonous, more from the caustic alkali than from the chlorine, 
and may, therefore, be here included, 

tj 109. Statistics, — Poisoning by the fixed alkalies is not so frequent 
as poisoning by ammonia. Falck has collected, from medical literature, 
27 cases, 2 of which were the criminal administering of Eau de Javelle, 
and d were suicidal ; 22, or 81 ‘5 per cent., died — hi 1 of the cases after 
twenty-four hours ; in the others, life was prolonged for days, weeks, or 
months— in 1 case for twenty-seven months. In the ten years ending 
1903, in England and Wales there were 23 deaths from poisoning by 
the fixed alkalies, 12 males and 11 females, all due to accideut, not a 
single case of suicide or murder. 

§ 110. Effects on Animal and Vegetable Life. — The fixed alkalies 
destroy all vegetable life, if applied in strong solution or in substance, 
by dehydrating and dissolving the tissues. The effects on animal 
tissues are, in part, due also to the affinity of the alkalies for water. 
They extract water from the tissues with which they come iu contact, 
and also attack the albuminous constituents, forming alkali-albuminate, 
which swells on the addition of water, and, in a large quantity, even 
dissolves. Cartilaginous and homy tissues are also acted upon, aud 
strong alkalies will dissolve hair, silk, etc. The action of the alkali is 
by no means restricted to the part first touched, but has a remarkable 
faculty of spreading brail directions. 

§ 111. Local effects, — The effects of strong alkali applied to the 
epidermis are similar to, but not identical with, those produced by 
strong acids. S. Samuel * has studied this experimentally on the oar 
of the rabbit ; a drop of a strong solution of caustic alkali, placed on the 
ear of a white rabbit, caused stasis in the arteries and veins, with first a 
greenish, then a black colour of the blood ; the epidermis was bleached, 
the hair loosened, and there quickly followed a greenish coloration on 
the back of the ear, opposite to the place of application. Around the 
burned spot appeared a circle of anastomosing vessels, a blister rose, and 
a slough separated in a few days. 

The whole tliickness of the ear was coloured yellowish-green, and 
later the spot became of a rusty brown. 

* Virchow’s Archivf. path. Anak, Dd li., 1870. 
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§ 112. Symptoms. — The symptoms observed when a person has 
swallowed a dangerous dose of caustic (fixed) alkali arc very similar to 
those noticed with ammonia, with the important exception that there is 
no respiratory trouble, unless the liquid has cornu into contact with the 
glottis ; nor has there been hitherto remarked the rapid death which 
has taken place with a few ammonia poisonings, the shortest time 
liitherto recorded being tliree hours, as related by Taylor in a ease 
in which a boy had swallowed 3 ons. of a. strong solntion of oarlsmatc of 
potash. 

There is instant pain extending from the month to the stomach, and 
a persistent and unpleasant taste; if the individual is not a determined 
suicide, and the poison (ns is mostly the case) has been taken accidentally, 
the liquid should be immediately ejected as much as possible, and water 
or other liquid at hand drunk freely. Shock may at once occur, and tdie 
patient die from collapse ; but this, even with frightful destruction of 
tissue, appears to be rare. Vomiting supervenes; what is ejected is 
strongly alkaline, and streaked with blood, and lias a soapy, frothy 
appearance. There may lie diarrhoea, great tenderness of the abdomen, 
and quick pulse and fever. 

With caustic potash, there may he also noticed its toxic oi foots (apart 
from local action) on the heart; the pulse in that case, is slow surd 
weak, and loss of consciousness and convulsions are not nue.ouuuou, 
If the collapse and after-inflammation are recovered from, then, as in (.her 
case of the mineral acids, there is all the horrid sequence of symptoms 
pointing to contractions and strictures of tlm gullet or pylorus, and 
the subsequent, dyspepsia, dillicnlty of swallowing, and not uufreqiumUy 
actual starvation, 

113. Post-mortem Appearances, — lu cases of recent poisoning,, 
spots cm the chocks, lips, clothing, etc.,, giving evidence of the eimluet 
of the alkali, should he looked for; lait this evidence iu the ease of 
persons who have lived a few days may lie wanting. The mucous 
memhmue of the mouth, throat, gullet, and stomach is generally more 
or less white — here and there denuded, and will he found in various 
stages of inilainioation and erosion, according to the amount taken, and 
the coucentvalion of the alkali, Where there is erosion, the leise of (.lie 
eroded parts is uol. brown-yellow, lmt, as a rule, pule red. The gullet 
is most affected at its lower part, and It is this part which is mostl y 
subject to stricture. Thus ISiiluu * found that in IK (-.usosnf contraction 
of the gullet, collected ly him, lOoftho 1<S sluiwod (.lie contraction a t 
the lower third. 

The changes which the stomach may present if the patient lias lived 
some time arc well illustrated l»y a preparation in St. (h-orge’s 
* CrnlorfltUill. Jar </ic Mnl, I! 7,:.', , Is',' I. 


museum 
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(43 a. 264, ser. ix.). It is tlie stomach of a woman aged 44, who had 
swallowed a concentrated solution of carbonate of potash. She vomited 
immediately after taking it, and lived about two months, during the 
latter part of which she liad to be nourished by injections. She died 
mainly from starvation. The gullet in its lower part is seen to be much 
contracted, its lining membrane destroyed, and the muscular coats ex- 
posed. The coats of the stomach are thickened, but what chiefly arrests 
the attention is a dense cicatrix at the pylorus, with an aperture so 
small as only to admit a probe. 

The colour of the s tomach is generally bright red, but in that of a child, 
preserved in Guy’s Hospital museum (No. 1798 24 ), the mucous membrane 
is obliterated, the mgaa destroyed, and a dark brown stain is a noticeable 
feature. The stomach is not, however, necessarily affected. In a pre- 
paration in the same museum (No. 179S 20 ) the mucous membrane of the 
stomach of a child who swallowed soap-lees is seen to be almost healthy, 
but the gullet is much discoloured. The action on the blood is to 
change it into a gelatinous mass ; the blood corpuscles arc destroyed, 
and the whole colour becomes of a dirty blackish-red ; the spectroscopic 
appearances arc ideutical with those already described (see p. CO). 

The question as to the effects of chronic poisouiug by the alkalies 
or their carbonates may arise. Little or nothing is, however, known 
of the action of considerable quantities of alkalies taken daily. In 
a case related by Dr, Tiurstall,* a man for eighteen years had taken 
daily 2 ozs. of bicarbonate of soda for the purjose of relieving 
indigestion, He died suddenly, and the stomach was found ex- 
tensively diseased ; but since the man, before taking the alkali, had 
complained of pain, etc., it is hardly well, from this one case, to draw 
any conclusion. 

It is important to observe that the contents of the stomach may he 
acid, although the death has been produced by caustic alkali. A child 
aged 4 drank from a cup some 14 per cent, soda lye He vomited 
frequently, and died in fifteen hours, The stomach contained 80 c.c. of 
sour-smelling turbid fluid, the reaction of which was acid. There were 
haemorrhagic patches in the stomach, and signs of catarrhal inflamma- 
tion ; there was also a similarly inflamed condition of the duodcmmi.f 

§ 114, Chemical Analysis. — The tests for potassium or sodium arc 
too well known to need more than enumeration. The intense yellow 
flame produced when a sodium salt is submitted to a Bunsen flame, and 
the bright sodium-line at D when viewed by the spectroscope, is a delicate 
test ; while potassium gives a dull red band in the red, and a faint but 
very distinct line in the violet. Potassium salts arc precipitated by tar- 

* Mai. Times, Nov, 30, 1850, p. 564. 

t Lesser, Atlas il. gericht, Med., Tafel ii, 
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taric acid, while sodium salts do not yield this precipitate ; potassium, 
salts also give a precipitate with platinic chloride insoluble in strong 
alcohol, while the compound salt with sodium is rapidly dissol ved by 
alcohol or water. This fact is utilised in the separation and estimation 
of the two alkalies. 

§ 115. Estimation of the Fixed Alkalies. — To detect a fixed 
alkali in the contents of the stomach, a convenient process is to procured 
by dialysis, and after twenty-four hours, to concentrate the outer liquid 
by boiling, and then, if it is not too much coloured, to titrate directly 
with a deciuormal sulphuric acid. After exact neutralisation, the liquid 
is cva]x>ratcd to dryness, carbonised, the alkaline salts lixiviated curt with 
water, thcsnlplume acid exactly precipitated by baric chloride, and then, 
after separation of the sulphate, the liquid treated with milk of lime. 
The filtrate is treated with a current of C< >._. gas, boiled, and any pre- 
cipitate liltercd off; the final iiltratc will contain only alkalies. The 
liquid may now be cvapirated to dryness with either hydrochloric ur 
sulphuric acids, and the total alkalies weighed as sulphates or chlorides. 
Should it he desirable to know exactly the proportion of potassium to 
sodium, it is lest to convert the alkalies into chlorides— dry gently, 
ignite, and weigh ; then dissolve in the least possible quantity of water, 
and precipitate by platinic chloride, which should he added so as to her a 
little in excess, hut not much. The liquid thus treated is evaporated 
nearly to dryness, and thou extracted with alcolml of SO per cent.., which 
dissolves out any of the double chloride of platinum and sodium, finally, 
the precipitate is collected on a fared til ter and weighed, after drying at. 
lflO”. In this way the analyst both distinguishes between the salts of 
sodium and potassium, and estimates the relative quantities of curb. It. 
is hardly necessary to observe that if the double chloride is wholly 
soluble in water ur alcohol, .sodium alone is present. This, however, will 
never occur in operating on organic tissue,'! and tluiils, for both alkalies 
arc invariably present. A correction must, lx: made when complex m-quide 
Quids arc in thin way treated for alkalies which may lie naturally in the 
Quid. Here the analyst, will he guided by his preliminary titration, 
which gives the total free alkalinity. In eases where the alkali has been 
neutralised by acids, of course no free alkali will Ire I'mind, but. the eurre 
spending salt. 


VII.— Neutral Sodium, Potassium, and Ammonium Salts. 

Q llfi. Tiir liruf ml : ate, of ttii- all.olt- ;,tv juri .r*u.,o , if :nimii>> n nq >o iifti- 1 - i.i 
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and Dr. Harrington Saintsbury,* with regal'd to the relative toxicity of the three, as 
shown by their effect 011 the heart of a frog— first, the potassium salts were found to 
exert the most poisonous action, next come the ammonium, and, lastly, the sodium 
salts. The highest estimate would be that sodium salts are only one'tenth as 
poisonous as those of ammonium or potassium ; the lowest, that the sodium salts 
are one-fifth : although the experiments mainly throw light upon the action of tile 
alkalies on one organ only, yet the indications obtained probably hold good for the 
organism as a whole, and are pretty well borne out by clinical experience. 

There appear to be four eases on record of poisoning by the above naitral salts ; 
none of them belong to recent times, hut lie between the years 1837-1856. Hence, 
the maiu knowledge which we possess of the poisonous action of the potassium salts 
is derived from experiments on animals. 

§ 117. Sodium Salts. — Common salt in stlcli enormous quantity as half a pound 
to a pound has destroyed human life, but these cases are so exceptional tl\at the 
poisonous action of sodium salts is of scientific rather than practical interest 

§ 118. Potassium Salts. — Leaving for future consideration the nitrate and the 
chlorate of potassium, potassie sulpliatc and tartrate are substances which have 
destroyed human life 

Potassie Sulphate (K { S0 4 ) is in the form of colourless rhombic crystals, of bitter 
saline taste. It is soluble in ten parts of water. 

Hydropotassie Tartrate (KHC 4 H 4 O c ), when pure, is in the form of rhombic 
crystals, tasting feebly add. It is soluble in 210 parts of water at 17°. 

§ 119. Action on the Frog's Heart. — Both excitability and contractility are 
affected to a powerful degree. There is a remarkable slowing of the pulsations, 
irregularity, and, lastly, cessation of pulsation altogether. 

§ 120. Action on Warm-blooded Animals. — If a sufficient quantity of a 
solution of a potassie salt is injected into the blood-vessels of an animal, there is 
almost immediate death from arrest of the hearts action, Smaller' doses, sub- 
cutaneously applied, produce slowing of the pulse, dyspnoea, and convulsions, ending 
in death. Small doses produce a transitory diminution of the force of arterial 
pressure, which quickly passes, and the blood -pressure rises, There is at first, for 
a few seconds, increase in the number of pulsations, but later a remarkable slowing 
of the pulse, The rise iu the blood' pressure occurs even after section of the spinal 
cord, Somewhat larger doses cause rapid lowering of the Wood-pressure, and apparent 
cessation of the heart’s action ; hut if the thorax be then opened, the heart is seen 
to he contracting regularly, making some 120-160 rhythmic movements in tlic 
minute, If the respiration be now artificially maintained, and suitable pressure 
made on the walls of theeliest, so as to empty the heart of blood, the blood'pressnre 
quickly rises, and natural respiration may follow, An animal which lay thirty. six 
minutes apparently dead was in this way brought to life again ( B'uhm ), The action 
of the salts of potassium on the blood is the same as that of sodium salts. The blood 
is coloured a brighter red, and the form of the corpuscles changed ; they become 
shrivelled through loss of water, Voluntary muscle loses quickly its contractility 
when a solution of potash is injected into its vessels. Nerves also, when treated 
with a 1 percent, solution of potassie ehloride, become inexeitable. 

§ 121, Elimination, — The potassium salts appear to leave the body through tlic 
kidneys, but are excreted much more slowly than the corresponding sodium salts. 
Thus, after injection of 4 grms. of potassie chloride — in tlie first sixteen hours 
'748 grm. of KC1 was excreted in the urine, and in tlic following twenty- four hours 
2 '677 grms. 

§ 122. Nitrate of Potash (KNO ;t ), — Pure potassie nitrate ciystallises in large 
anhydrous hexagonal prisms with dihedral summits; it does not. absorb water, and 

* Lancet, June 24, 1882, 
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does not deliquesce. Its fusing point is about 340° ; when melted it forms a trans- 
parent liquid, and loses a little of its oxygen, but this is for the most part retained 
by the liquid given off when the salt solidifies. At a red'heat it evolves oxygpn. 
and is reduced first to nitiite ; if the heat is continued, potassie oxide remains. 
The specific gravity of the fused salt is 2‘06. It is not very soluble in cold water, 
100 parts dissolving only 26 at 15 ‘6° ; but boiling water dissolves it freely, 100 parts 
dissolving 240 of the salt. 

A solution of nitrate of potash, when treated with a zinc couple (see “ Foods,” 
p. 525), is decomposed, tlie nitrate being first reduced to nitrite, as shown by its 
striking a red colour with metaphenylene.diamiue, and then the nitrite fartlier 
decomposing, and ammonia appearing in tlB liquid. If the solution is alkalised, 
and treated with alnmiriinm foil, hydrogen is evolved, and the same elfeet produced. 
As with all nitrates, potassie nitrate, on being heated in a test tube with a little 
water, some copper filings, and sulphuric acid, evolves red fumes of nitric peroxide. 

§ 123. Statistics. — l’otassic nitrate, under the popular name of “nitre” is a 
veiy common domestic remedy, and is also largely used as a medicine for cattle 
There appear to be at least twenty cases of potassie nitrate poisoning on record : of 
these, eight were caused by the salts having been accidentally mistaken for magnesic 
sulphate, sodie sulphate, or other purgative salt ; two eases were due to a Similar- 
mistake for common salt In one instance, the nitrate was used in strong solution 
as an enema, but most of the cases were due to the taking of too large an internal 
dose. 

§ 124. Uses in the Arts, etc. —Both sodic and potassie nitrates are called 
“ nitre ” by the public indiscriminately. Sodie nitrate is imported in large quantities 
from the rainless districts of Pent as a manure, Potassie nitrate is much used in 
the manufacture of gunpowder, in the preservation of animal substances, in the 
manufacture of gun-cotton, of sulphuric and nitric acids, etc. Tliu maximum 
medicinal dose of potassium nitrate is usually stated to be 30 grains ( V9 grm. ). 

§ 125. Action of Nitrates of Sodium and Potassium. — Both of these salts are 
poisonous. Potassie nitrate has been taken with fatal result by mail ; the poisonous 
nature of sodic nitrate is established by experiments on animals, The action of the 
nitrates of the alkalies is separated from that of the other neutral salts of potassium, 
etc,, because I 11 this ease the toxic action of the combined nitric acid plays no insig. 
ilifieant part Large doses, 3-5 gnus. (46'3-77'2 grains), of potassie nitrate cause 
considerable uneasiness iu the stomach and bowels ; the digestiou is disturbed ; 
there may be vomiting and diarrhoea, and there is generally present a desire to 
urinate frequently, Still larger doses, 10-30 grins. (231 '5-468 grains), rapidly 
produce all the symptoms of acute gastro-euteiitis — great pain, frequent vomiting 
(tlie ejected matters being often bloody), with irregularity and slowing of tlie pulse ; 
weakness, cold sweats, painful cramps iu single muscles (especially iu the calves of 
tln> legs) ; aud, later, convulsions, aphonia, quick collapse, and death. 

Ill the case of a pregnant woman, a liaudfiil of “nitre” taken iu mistake for 
Glauber's salts produced abortion after half an hour, The woman recovered, Sodie. 
nitrate .subcutaneously applied to frogs kills them, ill doses of '026 grin. (‘4 grain), 
ill about two hours ; there are fibrillar tvritchiugs of single groups of muscles and 
narcosis, The heart dies last, but after ceasing to beat may, by a stimulus, he made 
again to contract. Rabbits, poisoned similarly by sodic nitrate, exhibit also narcotic 
symptoms ; they lose consciousness, lie upon their side, and respond only to tlie 
sharpest stimuli. The breathing, as well as the heart, is “slowed,” and death 
follows after a few spasmodic inspirations, 

Sodic nitrite was found by Barth to be a more powerful poison, less than 6 
mgnns. ('1 grain) being sufficient to kill a rabbit of 455 '5 grins. (7028 grains) weight, 
when subcutaneously injected, The symptoms were very similar to those produced 
by the nitrate. 
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§ 126. The post-mortem appearances from potassic nitrate are as follows ; — An 
inflamed condition of the stomach, with the mucous lnembraue dark iu colour, and 
readily tearing ; the contents of the stomach are often mixed with blood, Iu a case 
related by Orfila, there was even a small perforation by a large dose of potassic 
nitrate, and a remarkable preservation of the body was noted. 

It is believed that the action of the nitrates is to be partly explained by a redne. 
tiou to nitrites, circulating in the blood as such. To detect nitrites in the blood, the 
best method is to place the blood in a dialyser, the outer liquid being alcohol. The 
alcoholic solution may be evaporated to dryness, extracted with water, and then 
tested by metaiilieiiyleue -diamine. 

§ 127. Potassic Chlorate (KC10 3 ). — Potassic chlorate is in the form of colour- 
less, tabular crystals with four or six sides. About 6 parts of the salt are dissolved 
by 100 of water at 15°, the solubility increasing with the temperature, so that at 100° 
nearly 60 parts dissolve ; if strong sulphuric acid Ire dropped on the crystals, peroxide 
of chlorine is evolved ; when rubbed with sulphur in a mortar, potassic chlorate 
detonates. When the salt is heated strongly, it first melts, and then decomposes, 
yielding oxygen gas, and is transformed into the perchlorate, If the heat is com 
tinned, this also is decomposed, and the final result is potassic chloride. 

§ 128. Uses. — Potassic chlorate is largely used as an oxidiser in calico printing, 
and in dyeing, especially in the preparation of aniline black, A considerable 
quantity is consumed in the manufacture of lucifer matches and fireworks ; it is also 
a convenient source of oxygen. Detonators for exploding dynamite are mixtures of 
fulminate of mercury and potassic chlorate. It is employed as a medicine both as an 
application to inflamed mucous membranes, and for internal administration ; about 
2000 tons of the salt for these various purposes arc manufactured yearly in the United 
Kingdom. 

§ 129. Poisonous properties. — The facility with which potassic chlorate parts 
with its oxygen by the aid of heat, led to its very extensive employment in medicines, 
No drug, indeed, has been given more recklessly, or 011 a less scientific basis, Wher- 
ever there were sloughing wounds, low fevers, and malignant sore throats, especially 
those of a diphtheritic character, the practitioner administered potassic chlorate in 
colossal doses. If the patient died, it was ascribed to the malignity of the disease — if 
he recovered, to the oxygen of the salt ; and it is possible, from the light which of 
recent years lias been thrown on the action of potassic chlorate, that its too reckless 
use has led to many unrecorded accidents, 

§ 130, Experiments on Animals. — F, Marchand* has studied the effects of 
potassic chlorate on animals, and on blood. If either potassic chlorate or sodic chlorate 
is mixed with fresh blood, it shows after a little while peculiar changes ; the clear 
red colour at first produced passes, within a few hours, into a dark red-brown, which 
gradually becomes pure brown, This change is produced by a 1 per cent, solution 
in from fifteeu to sixteen hours ; and a 4 per cent, solution at 15° destroys every trace 
of oxyhseuioglobin within four hours. Soon the blood takes a syrupy consistence 
and, with a 2-4 per cent, solution of the salt, passes into a jelly-like mass. The 
jelly has much permanence, and resists putrefactive changes for a long time. 

Various bloods show various resistances ; similarly the effect of potassic chlorate 
is unequal in different animals ; it takes large doses to kill rabbits ; cats are less 
resisting. Rabbits arc killed by sttlieutaueous rloscs of from 5-6 gnus. ; eats from 
1-1J gnn. Dogs require larger doses than cats, but less than rabbits. The resistance 
of human beings is about the same as tliat of dogs. 

Marchand fed a dog of 17 kilos, iu weight with 5 gims. of potassic chlorate for a 
week, As there were no apparent symptoms, the dose was doubled for two days ; 
and as there was still no visible effect, lastly, 50 grins, of sodic chlorate were given in 


* Virchow’s Archiv. f path. Anal., Bd. lxxvii. Hft, 3, S, 455, 1879. 
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5 doses. In tlie following night the dog died. The blood was found after death to 
be of a sepia •brown colour, and remained unaltered when exposed to the air. The 
organs were generally of an unnatural brown colour ; the spleen was enormously 
enlarged; the kidneys were swollen, and of a dark chocolate' brown — 011 section, 
almost hlaek'hroivu, the colour being nearly equal, both in the substance and in the 
capsule. A microscopical examination of the kidney showed the canalicnli to he 
filled with brownish cylinders consisting of alteied blood. A spectroscopic examina- 
tion of the blood showed weak hreiuoglobiu bauds, and a narrow hand in the red. 
With farther dilution, the ha-inoglobin bands vanished, lint the baud in the red 
remained. The diluted blood, when exposed to the light, still remained of a 
collce-browu colour; and 011 shaking, a wliite-browu froth was produced on the 
surface. 

A second experiment, in which a hound of from 7-8 kilos, in weight was given 
three 5 gnu. doses of potassic chlorate in sixteen hours, and killed by bleeding seven 
to eight hours after the last dose, showed very similar appearances. The kidneys 
were intensely congested, and the peculiar brown colour was noticeable. 

§ 181, Effects on Man. — In literature there are more than forty cases recorded, 
iu which poisonous symptoms were directly ascribed to the action of chlorate of 
potassium ; twenty-nine of these terminated fatally. At Morecambc a little boy took 
about 60 grains of potassic chlorate and died iu six hours ( Lancet , Aug. 22, 1903). 
A quadruple instance of poisoning, recorded liy Bmnardel and L’Hoto,* illustrates 
many of the points relative to the time at which the symptoms may be exacted to 
commence, and the general aspect of potassic chlorate poisoning. The superieure 
of a religions institution was in the habit of giving, for charitable purposes, a potion 
containing 15 gnus. (3'8 chins.) of potassic chlorate, dissolved iu 360 c,c. (about 
12A ozs.) of a vegetable i illusion. 

This potion was administered to four children — viz., David, aged 2.*. ; Cousin, 
aged 3.1 ; Sahnonf, 2J. ; and (ineriit, 2^. David took the. whole in two and a half 
hours ; tile symptoms cnimiieiiral after the potion was finished, and the child died 
live and a half binds after lakiug the first ilose ; there wore vomiting and dianhiea. 
Cousin took the medicine, iu seven hours; the symptoms also commenced after the. 
last spoonful, and the dentil took place eight and a half hours from the first spoon fill ; 
tlfti symptoms were mainly those «f great depression ; the li|>s were blue, the pulse 
feeble, there was no vomiting, no diarrlnce. Salmout took the medicine in uum 
boms, and died in twelve ; there was some diurrlnea, tlie stools were of a grecu 
colour. Glterin took the whole in two hours; the symptoms commenced iu four 
hours ; the lips were very pale, the glues bine ; death took plane in four days, 

There was an autopsy in the ease of David only, The stomach showed u huge 
eccliymosis oil its nilu'ons membrane, as if it. had lieen lmi-nt by an acid ; the. spleen 
was gorged with blood, and its tissue (Viable ; tlie kidneys rbi not seiuu t,n have ln-eii 
thoroughly examined, hut are said to have lieou tumefied, l’otitssie. chlorate was 
tliseoveiTil liy dialysis. In tile eases of the children just detailed, tile symptoms 
appear to he a mixture of the depressing aetinu of the potassium, aiol irritant notion 
of the olilnrate. 

§132. Iu adults, tin-, main symptoms arc those uf nephritis, uml tlie fata! ilose 
for an adult, is soun-whern about mi oiim-.e (23 ’ll grins.), hut. half this quantity would 
ptalalbly be dangerous, especially if given to a pi-rsmi who liuil eougestiou or disease 
of tlie kiilueys. 

Dt .laeobi V gives the following cases. 

Dr, Kouutftiu, in 1858, experimenting mi himself, took 2fi'2 gruis, (S’7 dims.) of 
potassic, chlorate. ; 111- died on tlie seventh day from nephritis. A young lady 

* Avwdrx it r lly'i<rii'- jiiMiyttr, 18Sl, p. 232. 
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swallowed 30 gnus. (8'5 dims.), when using it as a gargle; she died in a few flays 
from nephritis. A man, 30 years of age, died in four days after liaving taken 48 
grins. (12*3 drms.) of sodic chlorate in six hours, The shortest time in which 
the salt appears to have been fatal is a case related by Dr. Manouvriez, in which 11 
woman took 45 grins., and died in five hour's. The smallest dose which has proved 
fatal is one in which an infant 3 years old Was killed by 3 grins. (46'3 grains). 

Jacobi considers that the maximum dose to he given in divided doses during 
the twenty 'four hours, to infants under 3, should be from 1-1 '5 gim, (15 '4-23 'I 
grains) ; to children from 3 years old, up to 2 gnus. (30'8 grains) : aud adults from 
6-8 grins. (92‘6*123‘4 grains). 

§ 133, Elimination. — Potassic chlorate is quickly absorbed by mucous mem' 
bl'alies and l>y the inflamed skin, and rapidly separated from tlie body by the action 
of the kidneys. Wohler, as early as 1824, recognised that it in great part passed 
out of the body unchanged ; and, lately, Isamhert, iu conjunction with Hirne,* 
making quantitative estimations, recovered from the urine 110 less than 95 per e.eut. 
of the ingested salts. Otto Hcluicr has also made several aUto-cxperiments, and 
taking 2 If firms., found that, it could lie, detected in the urine an hour and a half 
afterwards. At that time. 17 '23 jier cent, of tlie salt had been excreted, and, by tlie 
end of eleven hours, 93'8 per cent, was recovered. It is then difficult to believe that 
the salt gives any oxygen to tlie tissues, for though it is true that in all the investi' 
nations a small percentage remains to be accounted for, aiifl also that Binz.t making 
experiments by mixing solutions of potassic chlorate with moist organic substances, 
such as pus, yeast, liln'iu, etc.., has declared that, at a blood heat, the chlorate is 
rapidly reduced, aud is no longer recognisable as chlorate — yet it may he affirmed 
that potassic chlorate is recovered from the m ine as completely as anything which is 
ever excreted by the body, and that deductions drawn from tlie changes undergone 
by the salt in solutions of fibrin, etc., have only an indirect bearing on the question, 

§ 134. The essential action of potassic chlorate seems to be that it causes a 
peculiar change in the blood, acting on the colouring matter and corpusclus ; the 
latter lose their property as oxygen carriers ; the haemoglobin is iu part destroyed j 
the corpuscles dissolved. The decomposed and altered blood corpuscles arc crowded 
into the kidneys, spleen, etc. ; they block lip tlie urimferons canaliculi, and thus tlie 
organs present the curious colouring seen after death, and the kidneys become 
inflamed. 


Detection and Estimation of Potassic Chlorate. 

§ 135, Organic fluids arc best submitted to dialysis ; the dialysed fluid should 
then he concentrated and qualitative tests applied. One of the best tests for tlie 
presence of a chlorate is, without doubt, that recommended by Fresenius. Tlie fluid 
to he tested is acidulated with a few drops of sulphuric acid ; sulphate of indigo 
added sufficient to colour the solution bine, and filially a few drops of sulphurous 
add. In presence of potassic or sodic chlorate, the bine colour immediately vanishes. 
This method is capable of detecting 1 part in 128,000 ; provided the solution is uot 
originally coloured, aud but little organic matter is present, 

The urine cau he examined direct, but if it contain albumen, the bine colour may 
disappear and yet chlorate be present ; if too much sulphurous acid be also added, 
the test may give erroneous results, These are but trivial objections, however, for 
if the analyst obtains a response to the test, he will naturally confirm or disprove it 
by the following process : — 


* Oaz, Mid. de Parris, 1875, Nro. 17, 35, 41, 43. 
t Berlin klin. Woehenschr ., xi. 10, S. 119, 1874. 
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lid. under examination, organic or otherwise, is divided into two equal 
ie one, all the chlorine present is precipitated as chloride by silver' 
e ufiual way, and the chloride of silver collected and weighed. In the 
(iiid is evaporated to dryness and well charred by a dull red heat, the 
. in weak nitric acid, aud the cldorides estimated as in the fiistcase. If 
0 p> resent, there will be a difference betwaen the two estimations, pro* 
the amount of chlorates which have been converted into chlorides by 
lion, and the first silver' chloride subtracted from the second will give 
lloi'ide which is to be referred to chlorate. In this way also the amount 
Ire cpuautitatively estimated, 100 parts of silver chloride equalling 85 ‘4 
lortxte. 


Toxicological Detection of Alkali Salts. 

(See also ante, ji 127.) 

(idiviui, hi combination, especially with chlorine^ aud also with sulphuric, 
pliosplioric adds, is found in the plasma of the blood, in theuriuaiy 
the pancreatic juice, in lnuuan bile, aud in serous trausudatious, etc. 
1 combination, is esjrecially found ill the red blood corpuscles, Ur the 
re nervous tissues, aud hr inilli. Ammonia, iu combination with acids, 
found in the stomach, iu the contents of the intestine ; it is also a 
itn©nt of the blood in small traces, aud in a corpse is copiously evolved 
tiv© changes. 

follows, that mere qualitative tests for these elements iu the tissues 01 
odLy are of not the slightest use, for they are always present dnriug the 
■lfcliiest individual, aud can be found after death in persons dying from 
‘hatever, To establish the fact of a jersoa liaving taken an unusual 
tlr© alkalisalts, by simply chemical evidence, it. must be proved that 
■e p> resent in uuusttal quantities or in an abnormal state of combi nation. 
>f rtapid death, caused by sodic or potassic salts, they will be found iu 
in -the ooutents of the stomach, or iu matters vomited, that there will 
10 difficulty iu coming to a direct conclusion ; hut if some time has 
uni ;y at niay uot find a sufficient ground forgiving a decided judgment, 
of tllie alkali salts being very rapid, 

uses, it will be well to proceed as follows : — The contents of tliestouiaeli 
r y, diluted with distilled water, aud divided into three parts, ouc of 

ittod to dialysis, aud then the dialysed liquid evaporated to a small 
nined qualitatively, in Older to ascertain whether a large aruouut of 
.Its is present, andiu what form. Iu this way, the presence or absence 
ita-ssinm or sodium may he proved, or the iodide, bromide, sulphate, 
etected, 

1 tiliis way, nitrate of potassium, a ooarsc test is preferable to the finer 
it upon conversion of the nitrate iuto nitrites or into ammonia, for 
so delicate that nitrates may be detected in traces ; whereas, in this 
x> find traces is of 110 value, Hence, the old 'fashioned test of treating 
xl liquid in a test tube with copqicr filings aud then with sulphuric 
ng for the red fumes, is best, and will act very wall, even should, as 
re case, some organic matters have passed through the dialyser. 
are indicated if the liquid is divided into two parts and tested in the 
uerxded in the previous section, If present in any quantity, chlorates 
■ t>© indicated by the brilhaut combustion of the organic matter when 
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heated to reduess, as also by the action of strong sulphuric acid on the solid sub. 
stances— in the oue ease, yellow vapours of pieroxide of chlorine being evolved — in the 
other, the red fumes already mentioned of nitric peroxide. 

With regard to a substance such as the hydro-potassie tartrate, its insolubility in 
Water rondel's it uot easy of detection by dialysis; but its very insolubility will aid 
the analyst, for the contents of the stomach may be treated with Water, and thus all 
soluble salts of the alkalies extracted. On now microscopically examining the 
insohiblv residue, crystals of bitartratc, if present, will be readily sceu. They may 
be picked up on a clean platinum wire and heated to redness in a linnscu flame, and 
spectroscopically examined. After heating, the melted mass will have an alkaline 
reaction, and give a precipitate with platinic chloride. All other organic salts of 
potassium arc soluble, and a white crystal giving sncli reaction must be hydro, 
potassic tartrate. 

Ammonium Salts. — If the body is fresh, and yet the salts of ammonium present 
in huge amount, it is safe to conclude that they have an external origin ; but there 
might lie some considerable difficulty in criminal poisoning by a neutral salt of 
ammonium, and search for it in a highly putrid coiiisc. Probably, in such an exeep. 
tioual case, there would he other evidence. With regard to the ipiautitative separa- 
tion and estimation of the fixed alkalies in the ash of organic substances, the reader 
is referred to the processes given in " Foods,” p, 96 ct ucy. T and in the present work, 
r . 27. 



PART V. — MORE OR LESS VOLATILE POISONOUS SUB- 
STANCES CAPABLE OF BEING SEPARATED BY DISTIL- 
LATION FROM NEUTRAL OR ACID LIQUIDS. 


HYDROCARBONS — CAMPHOR — ALCOHOL — AMYL NITRITE- 
ETHER— CHLOROFORM AND OTHER ANAESTHETICS — 
CHLORAL — CARBON DISULPHIDE— CARBOLIC ACID— 
NITRO* BENZENE— PRUSSIC ACID— PHOSPHORUS. 


I— Hydrocarbons. 

1. PETROLEUM. 

§ 137, Petroleum is a general term for a mixture of hydrocarbons of the paraffin 
series, which arc found naturally in certniu parts of the world, and arc in com* 
niercc under liquid and solid forms of various density, Crude petroleum is not ini* 
ported into England, the original substance having previously undergone more or 
less rectification. The lighter and more volatile portions arc known under the name 
of cyiuogenc, rhigolcuc, gasolene, and uaphtlra, 

§ 138. Cymogene has a specific gravity of '590, and boils at 0°. It has been 
employed iu refrigerating machines. It appears to consist chiefly of butaue 
(CA,)* 

§ 139. Rhigolene is now used in medicine in the form of spray to produce local 
amesthesia. It boils at 18°, and has a density of -650, 

§ 140. Gasolene has a density of '6S0-'688 ; it has received technical applica. 
tioils in the “ uajilitlialising” of air and gas. 

§141, Benzoline (mineral naphtha, petroleum naphtha, petroleum spirit, 
petroleum ether, petrol) is a mixture of the lighter' series of hydrocarbons; the 
greater part consists of heptane, aud there is also a considerable quantity of pentane 
(C,vH w ) present. The specific gravity varies from '69 to '74. It is very inflammable, 
anil is used in motor cars, sponge, lamps, and also as a solvent for gutta-percha, 
naphthalene, paraffin, wax, and many other bodies. The ordinary petrol that is 
used in cars has a gravity of '680-‘70S at 15° C. aud a boiling* point of 80° C. It is 
nuicli employed by the practical chemist. 

The similarity of the terms bcnmliuc aud benzene has caused benzoline to be often 
confused with benzol or benzene, the leading constituent of eoahtar uaphtlra (O 6 H 0 ). 
Mr, Allen* gives iu the following table a summary of the chief points of distinction, 


* Commercial Onjanic AuaZysis, voi. ii, p. 31. 
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both between petroleum naphtha, shale naphtha, and coal-tar naphtha. The table 
is founded upon the examination of particular samplcs T and commercial samples may 
present a few minor deviations. 

TABLE OF THE VARIETIES OF NAPHTHA. 


Petroleum Naphtha. 

Shale Naplitfm. 

Coal.tav Naphtha. 

Contains at least 75 per 
cent, of heptane, C 7 H lc . 
and Other hydrocarbons of 
the marsh gas or paraffin 
series ; the remainder ap- 
parently olefins, CfjH-jn, 
with distinct traces of 
benzene and its homo- 
logues. 

Contains at least 60 to 
70 per cent, of heptylene, 
C 7 H u , and other hydro- 
carbons of tlie olefin 
series ; the remainder 
paraffins. No trace of 
benzene or its honiolognes. 

Consists almost wholly 
of benzene, C 6 H 6 , and 
other homologous hydro- 
carbons, with a small per- 
centage of light hydro, 
carbons in some samples. 

Specific gravity at 15°, 
•600. 

Specific gravity at 15°, 
•718. 

Specific gravity '876. 

Distils between 65° and 
100 °. 

Distils betwam 65° and 
100 °. 

Distils between 80° and 
120 °. 

Dissolves coal. tar pitch 
but slightly ; liquid, but 
little coloured even after 
prolonged contact. 

Behaves similarly to 
petroleum naphtha with 
regard to the solution of 
pitch. 

Readily dissolves pitch, 
forming a deep brown 
solution, 

On shaking three mea- 
sures of the sample with 
one measure of fused crys- 
tals of absolute carbolic 
acid, 110 solution. Liquids 
not miscible. 

When treated with 
fused carbolic acid crys- 
tals, the liquids mix per- 
fectly. 

The liquids form a 
homogeneous mixture 

when treated with fused 
carbolic acid crystals. 

Combines with 10 per 
cent of its weight of 
bromine in the cold, 

Combines with upwards 
of 90 per oent of its 
weight of bromine. 

Combines slowly with 
30-40 per cent, of its 
weight of bromine. 


§ 142. Paraffin Oil (orkerosine mineral oil, photogen, etc.) is the chief product 
resulting from the distillation of American petroleum — the usual .specific gravity is 
about '802 — it is a mixture of hydrocarbons of tlic paraffin scries. It should be free 
from the more volatile (constituents, and lienee should not take fire when a iiamo is 
applied near the surface of the cold liquid, 

§ 143, Effects of Petroleum. — Since we have here to deal with a commercial 
substance of such different degrees of purity, and various samples of which are CtJtrr- 
posed of such various pro}(ortioirs of different hydrocarbons, its action can only be 
stated iu very general terms, Kuleubcrg * lias experimented with the lighter pro- 
ducts obtained from the distillatiou of Canadian petroleum. This contained sulphur 
products, and was extremely poisonous, the vapour killing a rabbit in a short time, 
with previous insensibility and convulsions, Tlie autopsy showed a tliin extravasa- 
tion of blood ou the surface of each of tlie bnlbi, much coagulated blood in the heart, 
congested hmgs, and a bloody mueus covering tlie tracheal mneotis membrane. An 
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experiment made on a cat with tho lighter petroleum (which had no excess of 
sulphur) in the state of vapour, showed that it was an anaesthetic, the anaesthesia 
being accompanied by convulsions, which towards tlie end were tetanic and violent. 
The evaporation of 1 '5 gnu. in a close chamber killed the animal in three hours. 
The lungs were found congested, hut little else was remarkable. Much petroleum 
vapour is breathed in certain factories, especially those in which jietroleuiii is 
refined. * * * § From this cause there have been rather frequent toxic symptoms among 
tlie workmen. Eulcnbergt describes the symptoms as follows; — A person, after 
breathing an overdose of the vapour, becomes very pale, the lips are livid, the 
respiration slow, the heart’s action weak aud scarcely to be felt. If lie does not 
immediately go into tire open air away from the poisonous vapour, these symptoms 
may pass 011 to insensibility, convulsions, and death. It often occasions a condition 
of tlic voluntary muscles similar to that induced by drunkenness, aud on recovery 
tlic patient is troubled by singing in the earn and noises in the head. The smell 
aud taste of tire poison may re main for a long time. 

§ 144. I’oisouing by taking light petroleum into the stomach is not common. I 11 
a case recorded by Taylor, $ a woman, for the purpose of suicide, swallowed a pint 
of petroleum. There folio wed a slight paia in the stomach, aud a little febrile dis. 
turi/aiice, and a powerful smell of jetroleum. remained about the i>ody for six days ; 
hut she completely recovered. In August 1870 a sea.captaiu diank a quantity of 
tiaraffin, tliatis, lighting petroleum, aud died in a few hours in an unconscious state. 
A child, 2 years old, was brought to King’s College Hospital within ten minutes 
after taking a teaspoonful of paraffin. It was semi -comatose and pale, with eon. 
tracted pupils; there was 110 voinitiug or puiging. Emetics of sulphate of zinc were 
administered, and the child recovered in twenty, four hours. Iu another case heated 
at tho. same hospital, a child had swallowed an unknown quantity of paraffin. It 
fell into a cuiuutosc state, which simulated tubercular meningitis, aud lasted for 
nearly th ice weeks § Iu a ease recorded by Mr, Robert Smith, || a child, 4 years of 
ago, had swallowed an unknown quantity of paraffin. A few minutes aftenvards, 
the symptoms commenced ; they were those of suffocation, with a constant congli ; 
there was 110 expectoration ; the tongue, gums, and cheeks were blanched and 
swollen where the fluid touched them ; recovery followed, A. woman, aged 32, 
who had taken a quarter of a pint of paraffin, Was found unconscious and very cold ; 
the stomach-pump was used, aud she recovered. IT Hence it is tolerably certain, bom 
the above instances, that should a case of petroleum poisoning occur, the expert will 
not ltuvc to deal with iuliuitcsiiual quantities; but while tlie odour of the oil will 
prut will y be distinctly pcrcqitible, there will be also- a sufficient amount obtained 
cither from matters vomited, 01 ' the contents of tlie stomach, etc. , so that no diffi- 
culty will be cxjiericuccd in identifying it, 

§ 145. In order to separate petroleum from any liquid, tire substances under 
examination must be carefully distilled iu the manner recommended under '‘Ether, 
Tho lighter petroleums will distil by tlieaid of a watenbatk ; but tlie heavier require 
a. stronger heat; redistillation of the distillate may be necessary, Tlie odour of the 
liquid, its inflammable character, and its other properties, will be sufficient for 
identification. 


* The vaj lour most likely to rise at tlie ordinary temperature, aud mix With the 

atmosphere, is tliatof the lighter series, from cymogene to benzoline. 

)■ Op, at. X Poisons, p. 656. 

§ Brit, Mai. Jour%. , Sept. 16, 1876, ji, 365, 

II Brit, Med , Jmri t, , Oct 14, 1876, 

1 Pharm, Jouru. , Feb. 12, 1875 ; also for other cases see Brit, Med, Journ.,, 
hiirv, 4, 1876 ; and Kohler’s Physiol . Therap., p, 437. 
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2. CO AL-TAR-N APHTHA — BENZENE. 

§ 146. Coal-tar-naphtha, in its crude state, is ai> extremely complex liquid, of a 
most disagreeable smell. Much beuzene (C e H c ) is present witli higher liomologues of 
the benzeuo series. Toluene (C 7 H 8 ), naphthalene (C w H e ), hydrocarbons of the 
paraffin series, especially hexane (C 6 Hu), and hydrocarbons of the olefin series, especi- 
ally pentyleuc, hexylene, and heptylenc (C 5 H 10 ,C 6 H l2 and C,H U ). Besides these, 
there are nitrogeuised bases, suek as aniline, picolinc, and pyridine ; phenols, especi' 
ally carbolic aeid ; ammonia, ammonium sulphide, carbon disulphide, and probably 
other sulphur compounds ; acetylene and aceto-uitrile By distillation and f raotional 
distillation are produced what aro technically known '’ 0 ?tcc run" naphtha , 90 per 
cent, benzol, 50 and 90 per cent, benzol,* 30 per cent, ben\ol, solvent naphtha, and 
residue known as ' ' last runnings. ” 

§ 147. Taylort records a case in which a boy, aged 12, swallowed about 3 ozs. of 
naphtha, the kind usually sold for burning in lamps, and died with symptoms of 
narcotic poisoning. The child, after talcing it, ran about in wild delirium ; he then 
sank into a state of collapse, breathing stertoronsly, and the skin became cold and 
clammy. On vomiting bring excited, lie rejected about two tablespooufuls of the 
naphtha, and recovered somewhat, but again fell into collapse with great muscular 
relaxation, The breathing was difficult ; there were no convulsions ; the eyes were 
fixed and glassy, the pupils contracted ; there was frothing at the mouth. In spite 
of every effort to save him, lie died ill less than three hours after taking the poison. 
The body, examined three days after death, smelt strongly of naphtha, but the post- 
mortem appearances were in no way peculiar, save that the stomach contained a pint 
of semi-fluid matter, from which a fluid, having the characteristics of impure benzene, 
was separated. 

§ 148. The etfects of the vapour of benzene have been studied by Eulenberg in 
experiments on cats aud rabliits, and there are also available observations 011 men + 
who have been accidentally exposed to its influence. From these sources of informa- 
tion, it is evident that the vapour of benzene lias a distinctly narcotic effect, while 
influencing also in a marked degree the spinnl cord. There arc, as symptoms, noises 
in the head, convulsive trembling aud twitchiugs of tlic muscles, with difficulty of 
breathing. 


DETECTION AND SEPARATION OF BENZENE. 

§ 149. Benzene is separated from liquids l>y distillation, and may he recognised 
by its odour, and by the properties described at ji. 136. The best jiroecss of identifiea. 
tion, perhaps, is to purify and couveit it into nitro-benzene, aud then into aniline, iu 
the following maimer : — 

1. Purification. — The liquid is agitated with a solution of caustic soda; this 
dissolves out of the benzene any bodies of an acid character, such as phenol, etc. The 
purified liquid should again be distilled, collecting that portion of the distillate which 
passes over between 80“ and 120° ; directly the tlicmiometcr attains nearly the 120°, 
the distillation should be stopped. The distillate, which contains all tlic benzene 
present, is next shaken with concentrated sulphuric acid in the cold ; tins will 
dissolvo out all the hydrocarbons of the etliylcnc and acetylene series, On removing 
the layer of benzene from tlic acid, it must be again shaken up with dilute soda, so 
as to remove any trace of acid. The benzene is, by this rather complicated stales of 


* Or 50/90 benzol, this indicates that 60 per cent, distils over below 100° ; and 
40, making in all 90, below 120°, 
t Op. cit., p, 657. 

t Dr. Stone, Med. Gaz,, vol, xii, p. 1077, 1848, 
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operations, obtained in a very fair state of purity, and may be converted into nitro. 
benzene, as follows : — 

2, Conversion into Nitro. Benzene,— The oily liquid is placed in a iiask, and 
treated witli four times its volume of fuming nitric acid. The flask must be furnished 
with an upright condenser ; a vigorous action mostly takes place without the 
application of heat, but if this does not occur, the flask may be wanned for a few 
minutes. 

After the conversion is over, the liquid, while still warm, must be transferred 
into a burette furnished with a glass tap, or to a separating funnel, and all, except 
the top layer, rail into cold water; if benzene was originally present, either oily 
drops of niti'O' benzene will fall, or if the benzene was only in small quantity, a tine 
precipitate will gradually settle down to the bottom of the vessel, and a distinct 
bitter.almoud smell be observed ; but if there be no benzene in the original liquid, 
and, consequently, 110 uitrO'benzene formed, no such appearance will be observed. 

3. Conversion into Aniline. — The nitro benzene may itself be identified by 
collecting it on a wet filter, dissolving it off the filter by alcohol, acidifying the 
alcoholic solution by hydrochloric acid, and then boiling it for some time with 
metallic zinc. In this way aniline is formed by reduction. On neutralising and 
diluting the liquid, and cautiously adding a little clear solution of bleaching qiowder, 
a blue or purple colour passing to browu is in a little time produced. 

3. TERPENES— ESSENTIAL OILS— OIL OF TURPENTINE. 

§ 150. Tire terpenes are hydrocarbons of the general formula C„Hv, f _ 4 . The 
natural terpenes are divided into three classes 1 — 

1 , The true terpenes, forimtla (GyH w )— a large number of essential oils, such 
as those of turpentine, orange peel, nutmeg, caraway, anise, thyme, etc., are maiuly 
composed of terpenes. 

2, The cedrenes, formula (C l 6 H r4 )— the essential oil of cloves, rosewood, cnbelis, 
calamus, cascarilla, and patchouli belong to this class, 

3, The colophene hydrocarbons, formula (C^H^), represented by colophony. 

Of all these, oil of turpentine alone lias any toxicological significance ; it is, how- 
ever, tine that all the essential oils, if taken ill considerable doses, arc poisonous, 
and cause, for the most {)art, vascular excitement and complex nervous phenomena, 
but tlieir action has not been very completely studied. They may all be separated 
by distillation, but a more convenient process for recovering an essential oil from a 
liquid is to shake it up with petroleum ether, separating tlic petroleum and evapo* 
rating spontaneously ; by this means the oil is left in a fair state of purity, 


4. OIL OF TURPENTINE— SPIRIT OF TURPENTINE— "TURPS,” 

§ 151, Various siiecics of pine yield a crude turpentine, holding in solution more 
or less resin, The turpeutiue may lie obtaiued from this exudation by distillation, 
and when the first portion of the distillate is treated with alkali, and then redistilled, 
the final product is known under the name of “rectified oil of turpentine,” and is 
sometimes called “eaniphcne.” It mainly consists of tcrebeiitlicnc, Tercbeutheue 
obtained from French turpentine differs in some respects from that obtained from 
English or American turpentine, They are both mobile, colourless liquids, having 
the well-known odour of turpentine and highly refractive ; but the French tore, 
beutliene turns a ray of polarised light to the left -40 '3° for the sodium ray, and 
the English to the right +21'5°; the latter terebenthene is known scientifically as 
austra.terebeutkene, This action on polarised light is retained in the vurious 
compounds aud polymers of the two turpentine oils. 
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The specific gravity of turpentine oil is "864 ; its boiling' point, when consisting of 
pure tercbeiithene, 156°, but impurities may raise it up to 160° ; it is combustible 
and burns with a smoky flame. Oil of turpentine is very soluble in ether, petroleum 
ether, carbon disulphide, chloroform, benzene, fixed and essential oils, and by the 
use of these solvents it is conveniently separated from the contents of the stomach. 
It is insoluble in Water, glycerin, and dilute alkaline and acid solutions, and very 
soluble in absolute alcohol, from which it may be precipitated by the addition of 
wata'. 

It is polymerised by the action of strong snlplmric acid, the polymer, of course, 
boiling at a higher temperature than the original oil. With water it forms a crys' 
talline hydrate (C 10 H. w O { ,HjO). On passing uitrosyl chloride gas into the oil, either 
pare or diluted with chloroform or alcohol, the mixture being cooled by icc, a white 
crystalline body is deposited, of tlio formula C 10 H lt (NOC1). By treating this com* 
pound with alcoholic potash, the substitution product (C 10 H 1B NO) is obtained. By 
treating turpentine with an equal bulk of warm water, and slialiiiig it hi a large 
bottle with air, camphoric acid and peroxide of hydrogen are formed. When 
turpentine oil is left in contact with concentrated hydrochloric acid, there is formed 
terebeutheue dihydrocliloride (C m H 1(i i>HCl), which forms rhombic plates, insoluble 
ill water, and decomposable by boiling alcoholic potash, With formation of terpiuol, 
(C 10 H 17 ) 2 O. The dihydrocliloride gives a colour. reaction with ferric chloride. This 
is an excellent test — not, it is true, confined to oil of turpentine, blit common to the 
dihydrochlorides of all the terpeues. A few drops of the oil arc stirred in a porcelain 
capsule with a drop of hydrochloric acid, and one of ferric chloride solution ; on 
gently heating, there is produced first a rose colour, then a violet-red, and lastly 
a blue. 

§ 152. Effects of the Administration of Turpentine. — 1. W. Licrseh* exposed 
animals to tlic vapour of turpentine, and found that a cat and a rabbit died within 
half an hour, There wits observed uneasiness, reeling, want of power in the limbs 
(more especially in the hinder extremities), convulsions partial, or general, dilliculty 
of respiration ; and the heart's action was quickened. Death took place, in part, 
from asphyxia, and iu part was attributable to a direct action on the nervous centres. 
The autopsy showed congestion of tlic lungs, ecchymosus of the ltiduoy, and much 
blood hi the liver and spleen. Small doses of turpentine. vapour cause (according to 
Sir B. W. Richardson)!' giddiness, deficient appetite, and auanuia. From half an 
ounce to an ouuoe is frequently prescribed in the country as a remedy for tapeworm ; 
in smaller quantities it is found to he a useful mcdiciuc iu a great variety of ailments. 
The larger doses produce a kind of intoxication with giddiness, followed often liy 
purging and strangury j liotmifrequeutly blood and albumen (or both) is fuund iu the 
Urine, When in medical practice the senior author lias given the oil, and seen it given 
by others, in large doses for tapeworm to adults, iu perhaps 40 cases, but in no one 
instance were the symptoms severe ; the slight intoxication subsidod quickly, aiul in a 
few hours the patients recovered completely, Nevertheless it has been known to destroy 
the lives of children, and cause most serious symptoms in adults. Two fatal cases 
are mentioned by Taylor ; one was that of a child who died fifteen hours after taking 
half an ounce of the oil ; ill another an infant, 5 months old, died rapidly from a 
teaspoonful. The symptoms in those fatal eases were profound coma and slight 
convulsions ; the pupils were contracted, and there was slow and irregular breathing. 
Turpentine is eliminated in a changed form by the kidneys, and imparts an odour of 
violet to the urine ; bat the nature of the odoriferous principle lias not yet been 
investigated. 


* Clams in Schmidt’s Jahrbllcher, Bd. cxvii., i., 1863 ; and Vicrteljahrsschr , fttr 
ger, Med , , xxii. , Oct, 1862. 

t Bril, and For, Mcd.-Chir, Feview, April 1863. 
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II, — Camphor, 

§ 153. A great many essential oils deposit, after exposure to air, camphors pro- 
duced liy oxidation of their terpeues. Ordinary camphor is imported in the rongli 
state from China and Japan, and is prepared by distilling with water tlic wood of 
Cinnmnomm eumjihora ; it is resnhlimed in England, The formula of camphor is 
C i 0 H 16 O ; it has a density of ‘986 to '996 ; melts at 175°, and lroils at 205°. It is 
readily sublimed, especially in a vacuum, and is indeed so volatile at all tempera- 
tures, that a lump of camphor exposed to the air wastes away. It is slightly 
soluble in water (about 1 (lart in 1000), but this is enough to impart a distinct 
taste to the water ; it is insoluble iu chloroform, ether, acetone, acetic acid, carbon 
disulphide, and oils. It has a fragrant odour and a burning taste. A 10 per cent, 
solution in alcohol turns a ray of polarised light to the right + 42'8°. By distillation 
with zinc chloride, cymeue and other products are produced. By prolonged treat- 
incut with nitric acid, camphor is oxidised to camphoric acid (C 10 H lc O 4 ), Camphor 
unites with lu'ouiiiie to form a crystalline, unstable dibroinide, which splits up on 
distillation into hydroltroniic acid aud inouobroin .camphor (C l0 H ls BrO), The latter 
is used in medicine ; it crystallises in prisms fnsihlc at 76°, and is readily soluble in 
alcohol. 

§154. Pharmaceutical Preparations. — The preparations officinal iu the British 
Pharmacopoeia are camphor looter — water saturated with camphor, containing about 
1 part per 1000, 

Camphor Liniment— A solution of camphor in olive oil, strength 25 per cent. 

Compound Camphor Liniment — Composed of camphor, oil of lavender, strong 
solution of ammonia and alcohol ; strength in camphor about 11 per cent. 

Spirit of Camphor. — A solution of camphor in spirit; strength, 10 percent 

Canqilioi- is also a constituent of the compound tincture of camphor ; but ill this 
case it may lie considered only a flavouring agent. There is a homoeopathic solution 
of camphor iu spirit (Rnbiui's Essence of Camphor). Tlic solution is made by satm 
rating alcohol with camphor.; it is, therefore, very strong — about half the hulk coil, 
sisting of camphor. Camphor is used in veterinary medicine, both externally and 
internally, 

§ 155, Symptoms. — Camphor acts energetically on the brain and nervous system, 
especially if it is given in strong alcoholic solution, and thus placed under conditions 
favouring absorption. Some years ago, Dr. 6. Johnson* published a series of cases 
arising from the injudicious use of 0 homoeopathic solution of camphor,” from 7 to 
40 drops of Rnbiui’s homoeopathic camphor taken for colds, sore throat, etc., having 
produced coma, foaiuiug at the mouth, convulsions, and partial paralysis. All tlic 
patients recovered, but then 1 condition Was for a little time ahirini lig. 

The eases of fatal poisoning by camphor are very rare, A woman, aged 46, prog* 
limit four months, took 12 gnus, (about 184 grains) in a glass of brandy for the 
purpose of procuring abortion. In a very short time tlic symptoms cuimuctiocd ; 
she had intolerable headache, the face was flushed, and there was a sensation of 
burning in the stomach. I 11 eight hours after taking the dose she liad strangury 
and, vomiting, and the pain in the epigastrium was intense. These symptoms con. 
tiuucd with more or less severity until the third day, when she became much worse. 
Her face was pale aud livid, the eyes hollow, the skin cold and iuseusiblc, pulse 
weak and thready, breathing laboured, There were violent cramps in tlic stomach 
and retention of urine for twentyfonr houre, and then coma, The patieut lingered 
011 yet another three days, aborted, and died.t 


* Brit. Med. Journ., Feb. 27, 1878, p. 272; see also ibid., Fob. 1875. 
t Journ , de Chiiu, Mid., May 1860. 
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Dr. Scliaaf * has recorded three cases of poisoning — one of which was fatal. A 
woman gave about half a teaspoonful of a camphor .solution to each of her three 
children, tie ages being respectively 5 and 3 years, and 15 mouths. The symptoms 
noted were pallor of the face, a burning pain in the throat, thirst, vomiting, purging, 
convulsions, and afterwards coma. The youngest child died ill seven hours ; the 
others recovered. The smallest dose known to have produced violent symptoms in 
an adult person is 1‘3 grin. (20 grains) ; the largest dose known to have been re' 
covered from is 10 i gnus. (160 grains), t 

§ 156. Post* mortem Appearances. — The bodies i-f animals or persons dyiugfrom 
poisoning by camphor, smell strongly of the substance, The mucous membrane of 
the stomach lias been found inflamed, hut there seem to he 110 characteristic lesions, 

§ 157. Separation of Camphor from the Contents of the Stomach. — The identi' 
ficatiou of camphor would probably ill no case present any difficulty. It may be 
readily dissolved out from organic fluids by chloroform. If dissolved in fixed oils, 
enough for the purposes of identification may 1* obtained by simple distillation. It 
is precipitated from its alcoholic solution by the addition of water. 


III.— Alcohols. 

1. ETHYLIC ALCOHOL. 

§ 158. The chemical properties of ordinary alcohol are fully de- 
scribed, with the appropriate tests, in “ Foods,” pp. 379-398, and the 
reader is also referred to the same volume for the composition and 
strength of the various alcoholic drinks. 

Statistics, — If we were to include in one list the deaths indirectly 
due to- chronic, as well as acute poisoniug by alcohol, it would stand 
first of all poisons in order of frequency, but the taking of doses so large 
as to cause death in a few hours is rare. The deaths from alcohol are 
included by the English Registrar-General nnder two heads, viz., those 
returned as dying from delirium tremens, and those certified as due 
directly to intemperance, 

From 1875 to 1903 the deaths registered as due to intemperance 
have varied from a minimum of 1269 up to 3638, the maximum occur* 
ring in 1900. The curve oathe opposite page clearly shows the alcoholic 
death-rate per million living during die ‘period. Alcoholic deaths, with 
a few intermissions, increased from 1879 to 1900, and since that year 
have declined, 

During the ten years ending 1903, 82 deaths (56 males and 26 
females) were ascribed, under the head of “accident or negligence,” 
directly to alcohol. 

§ 159. Cri m i n al or Accidental Alcoholic Poisoning, — Suicide by 
alcohol, in the common acceptation of the term, is rave, and murder 
* Joum. dr Chim, Med., 1850, p. 507. 
t Taylor ou Poisons, 3rd ed., 661. 
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5 deaths from alcohol (3 males and 2 females) are recorded as suicidal. 
Perhaps the most common cause of fatal acute poisoning by alcohol is 
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either a foolish wager, by which a man bets that he can drink so many 
glasses of spirits without bad effect ; or else the drugging of a person 
already drunk by his companions in a sportive spirit. 

§ 160. Fatal Dose. — It is difficult to say what would be likely to 
prove a lethal dose of alcohol, for a great deal depends, without doubt, 
on the dilution of the spirit, since the mere local action of strong 
alcohol on the mucous membranes of the stomach, etc., is severe (one 
may almost say corrosive), and would aid the more remote effects. In 
Maschka’s case,* a boy of 9 years and a girl of 5 died from about 
2£ ounces of spirit of 67 per cent, strength, or 48'2 c.c. (l - 7 oz.) of 
absolute alcohol. 

In a case related by Taylor, a child, 7 years old, died from some 
quantity of brandy, probably about 113'4c,e. (4 ozs.), which would be 
equal to at least 56'7 c.c. (2 ozs.) of absolute alcohol. From other cases 
in which the quantity of absolute alcohol can be, with some approxh 
matiou to the truth, valued, it is evident that, for any child below 10 
or 12, quantities of from 28 - 3 to 56-6 c.c. (1-2 ozs.) of absolute 
alcohol contained in brandy, gin, etc., would be a highly dangerous and 
probably fatal dose ; while the toxic dose for adults is somewhere 
between 71'8— 14 1 ‘7 c.c. (2‘5-5 ozs.). 

§ 161. Symptoms. — In the cases of rapid poisoning by a large dose 
of alcohol, which alone concern us, the preliminary, and too familiar 
excitement of the drunkard, may be hardly observable ; but the second 
stage, that of depression, rapidly sets in ; the unhappy victim sinks 
down to the ground helpless, the face pale, the eyes injected and 
staring, the pupils dilated, acting sluggishly to light, and the skin re. 
markably cold. Frantzel t found, in a case in which the patient survived, 

* Recorded by Masehka ( OutacJiten (ler Prager FaculU'it, iv. 239 ; see also 
Maschka’s Ha%dbueh dcr gerickt. Mcdicin, Band ii. p. 384). The following is a 
brief summary i — Franz. Z., 9 years old, and Caroline Z., 5 years old, were poisoned 
by their stepfather with spirit of 67 per cent, strength taken in small quantities 
by each — at first by persuasion, and the remainder administered by force. About 
one.eighth of a pint is said to have been given to each child. Both vomited some- 
what, then lying down, stertorous breathing at onee came on, and they quickly 
died. The autopsy, three days after death, showed dilatation of the pupils ; rigor 
mort is present in the boy, not in the girl ; and the membranes of the brain filled 
with dark fluid blood. The smell of alcohol was perceptible on opening the chest ; 
the mucous membrane of the bronchial tubes and gullet was normal, both lungs 
oedematous, the fine tubes gorged with a bloody frothy fluid, and the mucous mem. 
braneofthe whole intestinal eanal was reddened. The stomach was not, unfortu- 
nately, examiued, being reserved for chemical analysis. The heart was healthy ; the 
pericardium contained some strawcoloured fluid. Chemical analysis gave an entirely 
negative result, which must have been from insufficient material having been sub. 
mitted to the analyst, for it is hard to see how the vapours of alcohol could have been 
detected by the smell, and yet have evaded chemical processes. 

t Temperaturerniedrigung dwell Aleoholintoxication, Charite Annalen, i. 371, 
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§ 162.] 

a temperature of only 24‘6° in the rectum, and in that of another 
person who died, a temperature of 23-8°. The mucous membranes are 
of a peculiar dusky blue ; the pulse, which at first is quick, soon becomes 
slow and small ; the respiration is also slowed, intermittent, and 
stertorous; there is complete loss»of consciousness and motion; the 
breath smells strongly of the alcoholic drink, and if the coma continues 
there may be vomiting and involuntary passing of excreta. Death 
ultimately occurs through paralysis of the respiratory centres. Com 
vulsions in adults are rare, in children frequent. Death has more than 
once been immediately caused,, not by the poison, but by accidents de- 
pendent upon loss of consciousness. Thus food has been sucked into the 
air-tubes, or the person has fallen, so that the face was buried in water, 
ordure, or mud ; here suffocation Iras beeu induced by mechanical causes. 

A remarkable course not known with any other narcotic is that hi 
which the symptoms remit, the person wakes up, as it were, moves about 
and does one or more rational acts, and then suddenly dies. In this 
case also, the death is not directly due to alcohol, but indirectly — the 
alcohol having developed oedema, pneumonia, or other affection of the 
lungs, which causes the sudden termination when the first effect of the 
poison has gone off. The time that may elapse from the commence- 
ment of coma till death varies from <a few minutes to days ; death has 
occurred after a quarter of an hour, half an hour, and an hour. It 
lias also beeu prolonged to three, four, and six days, during the whole 
of which the coma has continued, The average period may, however, 
be put at from six to ten hours, 

§ 162, Post-mortem Appearances, — Cadaveric rigidity lasts toler. 
ably long. Casper has seen it still existing nine days after death, and 
Seidel * seven days (in February), Putrefaction is retarded in those 
cases in which a very large dose has been taken, but this is not a very 
noticeable or constant characteristic. The pupils are mostly dilated. 
The smell of alcohol should be sought for ; sometimes it is only 
present in cases where but a short time has elapsed between the taking 
of the poison and death ; putrefaction may also conceal it, but under 
favourable circumstances, especially if the weather is cold, the alcoholic 
smell may remain a long time. Alcohol may cause the most intense 
redness and congestion of the stomach. The most inflamed stomach I 
(A, W, B.) ever saw, short of inflammation by the corrosive poisons, was 
that of a sailor, who died suddenly after a twenty-four hours' drinking 
bout : all the organs of the body were fairly healthy, the man had suffered 
from no disease ; analysis could detect no poison but alcohol ; aud the 
history of the case, moreover, proved clearly that it was a pure case of 
alcoholic poisoning, 

* Seidel, Maschka’s Uavdbvch, Bil. ii. p. 380. 
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In a case related by Taylor, in which a child drank 4 ozs, of brandy 
and died, the mucous membrane of the stomach presented patches of 
intense redness, and in several places was thickened and softened, some 
portions being actually detached and hanging loose, and there were 
evident signs of extravasations of blood. The effect may not be con* 
fined to the stomach, but extend to the duodenum and even to the 
whole intestinal canal. The blood is generally dark and fluid, and 
usually the contents of the skull are markedly hypersemic, the pia very 
full of blood, the sinuses and plexus gorged ; occasionally, the brain 
substauce shows signs of unusual congestion ; serum is often found in 
the ventricles. The great veins of the neck, the lungs, and the right 
side of the heart are very often found full of blood, and the left side 
empty. (Edema of the lungs also occurs with tolerable frequency. 
The great veins of the abdomen are also filled with blood, and if the 
coma lias been prolonged, the bladder will be distended with urine. A 
rare phenomenon has also been noticed — namely, the occurrence of 
blebs on the extremities, etc., just as if the part affected had been burnt 
or scalded. Lastly, with the changes directly due to the fatal dose may 
be included all those degenerations met with in the chronic drinker, 
provided the case had a history of previous intemperance. 

§ I fi 3. Excretion of Alcohol. — Alcohol, in the diluted form, is 
quickly absorbed by the bloodvessels of the stomach, etc., and circulates 
in the blood ; but what becomes of it afterwards is by no means settled. 
There can be little doubt that the lungs are the main channels 
through which it is eliminated ; with persons given up to habits of 
intemperance, the breath has constantly a very peculiar ethereal odour, 
probably dependent upon some highly volatile oxidised product of 
alcohol. 

Alcohol Is eliminated in small proportion only by the kidneys. 
Thudichum, in an experiment* by which 4000 gnus of absolute 
alcohol were consumed by thirty*three men, could only find in the 
collected urine 10 grms. of alcohol, The numerous experiments by 
Dupre also establish the same truth, that but a fraction of the total 
alcohol absorbed is excreted by the kidneys. According to Lallemand, 
Perrin, and Duroy, the content of the brain in alcohol is more than 
that of the other organs, One of us (A, W, B.) has found also that 
the brain after death has a wonderful attraction for alcohol, and yields 
it up at a water*heat very slowly and with difficulty. In one experiment, 
in which a finely divided portion of brain, which had been soaking in 
alcohol for many weeks, was submitted to a steannheat'of 100°, twenty* 
four hours’ consecutive heating failed to expel every trace of spirit. 

* See Tliudielium’s Pathology of the Urine, London, 1877, in which both his 
own and Dr, Dupre’s experiments are summarised. 
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It is probable that true alcoholates of the chemical constituents of 
the braiu are formed. In the case of vegetable colloidal bodies, such, 
for example, as the pulp of cherries, a similar attraction has been 
observed, the fruit condensing, as it were, the alcohol in its own tissues, 
and the outer liquid being of less alcoholic strength than that which 
can be expressed from the steeped cherries. Alcohol is also excreted 
by the sweat, and minute fractions have been found in the feces. 

§ 164. Toxicological Detection of Alcohol (see “ Foods,” pp. 
382-384). — The living cells of the body produce minute quantities of 
alcohol, as also some of the bacteria normally inhabiting the small 
intestine produce small quantities of alcohol, and it is often found in 
traces in putrefying fluids. Hence, mere qualitative proofs of the 
presence of alcohol are insufficient on which to base an opinion as to 
whether alcohol bad been taken during life or not, and it will be 
necessary to estimate the quantity accurately by some of the processes 
detailed in “Foods,” p. 385 et seq. I 11 those cases in which alcohol 
is found in quantity in the stomach, there can, of course, he no diffi* 
culty ; in others, the whole of the alcohol may have been absorbed, and 
chemical evidence, unless extremely definite, must be supplemented 
by other facts. 

Alcohols may in many instances be identified by converting them 
into the diuitro-bemoate esters, 

The following directions for ethyl alcohol are given by Mulliken * 
for the preparation of ethyl 3 : 5 dinitro*ben mate, and are applicable to 
the series generally, with a few obvious modifications, provided the 
alcohol is pure and contains no more than 10 per cent, water. 

Heat together gently over a small flame 015 gnu. 3 1 5 dinitro- 
benzoic acid and 0'29 grin, phosphorus pentachloride. When signs of 
chemical action appear, the heat is removed for a few seconds. The 
heat is then reapplied, and the liquefied mixture boiled for exactly one 
minute. The product is poured out on to a watch-glass and allowed 
to solidify. The liquid phosphorus oxychloride, with which the mass 
is impregnated, is gob rid of by nibbing the latter between two pieces 
of porous tile. The powder is placed in a dry test tube, and four drops 
of alcohol are allowed to fall on it (with propyl or butyl alcohols six drops 
are added instead of four, because the alcohol must be in excess), the tube 
is at once stoppered, and the lower part immersed in water at 75°-85°. 
The tube is shaken gently and wanued in this way ■ for ten minutes. 
When the mixture is cold, any hard lumps of ester which may have 
formed are crushed with a stirring rod, and in the case of ethyl dinitro 
benzoate boiled gently with 15 c.c, of methyl alcohol until .all is 
dissolved. 

* A Method for the. Identification of Pure Onjanic Compounds, Now York, 1904, 
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(With most other esters, instead of methyl alcohol as a solvent, 
ethyl alcohol is used.) 

If the solution is not clear it must be filtered hot. The final 
crystals are recrystallised from boiling methyl alcohol, washed with the 
same solvent, spread out on a porous tube to dry, and the melting- 
point determined. 

Methyl 3 : 5 diuitro- benzoate molts at 
Ethyl ,, ,, 

lso-butyl „ ,, 

Propyl ,, it 

Butyl „ 

2. AMYL1C ALCOHOL. 

§ 10:1. Amylic Alcohol — Formula, C,H n MO. — There is more than one a my lie 
alcohol, according to theory ; eight isomers are possible, and seven are known. The 
amylic alcohols differ iu certain physical properties, primary amylic alcohol boiling 
at 137°, and iso.anryl alcohol at 131'6°. The latter has a specific gravity of ‘8118, 
aud is the variety produced by fermentation and present iu fusel nil. 

§ 166. The experiments of Enleuberg * * * § 011 rabbits, Cross t 011 pigeons, Rabuteail + 
on frogs, aud Furst on rabbits, with those of Sir B. W. Richardson § on various 
auiiuals, have shown it to be a powerful poison, more especially if breathed iu a 
state of vapour. 

Richardson, as the result of his investigations, considers that amyl alcohol 
When breathed sets up rpiite a peculiar class of symptoms which last for many hours, 
and arc of such a character that it might he thought impossible for the animal to 
recover, although they have not been kuowu to prove fatal. There is muscular 
paralysis with paroxysms of trauulous convulsions ; the spasms arc excited by 
touching the animal, breathing upon it, or otherwise subjecting it to trifling 
excitation. 

§ 167. Hitherto, neither the impure fusel oil, nor the purer chemical preparation, 
has had any toxicological importance, Should it be necessary at any time to recover 
small quantities from ovgauic liquids, the easiest way is to shake the liquid up with 
chloroform, which readily dissolves amylic alcohol, aud 011 evaporation leaves it in a 
state pure enough to he identified. Amyl alcohol is identified by tiie following 
tests : — (1) its physical properties ; (2) if wanned with twice its volume of strong 
sulphuric acid, a rose or red colour is produced ; (3) heated with an acetate ami 
strong sulphuric acid, amyl acetate, which has the odour of the jargonelle, pear, is 
formed ; (4) heated with sulphuric acid and pofcussic dicliromatc, valeric aldehyde is 
first produced, aud then valeric acid is formed ; the latter lias a most peculiar and 
strong odour. 

§ 168, Amyl Nitrite, Iso.amyl Ester Nitrite (tyS^NO,,), —Boiling. point 97” to 
99°, specific gravity '877, Amyl nitrite is a limpid, and, generally, slightly yellow 


. 92°, 93° 
83°-83T>° 
73“ 
64° 


* Gciccrbe Hygiene, 1876, p 440. 

t Dc V Alcohol Anvyliqne et Methyl stir VOrganismc (These), Strasburg, 1863. 

+ '‘Ueber die Wirlamg dcs Aetliyl, Butyl u, Amyd Alcohols,” L'Union, Nos, 
90, 91, 1870, Schmidt’s Jahrb,, Bd, cxlix. p, 263, 

§ Trans. Brit. Association, 1864, 1865, and 1866. Also, Brit, and Foreign 
Med. Chir. £ev., Jau, 7, 1867, p. 247, 
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liquid ; it lias a peculiar and characteristic odour. On heating with alcoholic potash, 
the products are nitrite of potash and amylie alcohol ; the amylic alcohol may lie 
distilled oil' and identified. The presence of a nitrite in the alkaline solution is readily 
shown by the colour produced, by addiug a few drops of a solution of lueta-pliaiylciic- 
diamine. 

Sir B. W. Richardson ami others have investigated the action of amyl nitrite,. as 
well as that of the acetate and iodide ; they all act in a similar manner, the nitrite 
being most potent. After absorption, the clfects of auiyl nitrite are especially seen 
on the heart and circulation 1 the heart acts violently, there is first dilatation of the 
capillaries, then this is followed by diminished action of the heart and contraction 
of the capillaries. 

According to Richardson, it suspends the animation of frogs. No other sub- 
stance known will thus susi>end a frog’s animation for so long a time without killing 
it. Under favourable oirenmstauees, the animal will remain apjiarently dead for 
many days, and yet recover. Warm. blooded animals may be thrown by amyl 
nitrite into a cataleptic condition. It is not an anesthetic, and by its use Conscious* 
ness is not destroyed, unless a condition ajiproaeliing death he first prodneed. When 
this occurs there is rarely recovery, the animal passes into actual death. 

Post-mortem Appearances. — If administered quickly, the lungs and all the other 
organs are found blanched and free from blood, the right side of the heart gorged 
with blood, the left empty, the brain being free from congestion, If administered 
slowly, the brain is found congested, and there is blood both 011 the left and right 
sides of the heart. 


IV. -Ether. 

§ 169. Ether, Ethylic Ether, Ethyl Oxide, (0.,H*).,0. — litliylic ether 
is a highly mobile liquid of peculiar penetrating odour and sweetish, 
pungent taste, It is perfectly colourless, and evaporates so rapidly, 
that when applied in the form of spray to the skin, the latter becomes 
frozen, and is thus deprived of sensibility, 

Pure ether has a density of ‘713, its boiling-point is 35°, but com* 
mevcial samples, which often contain water (1 part of water is soluble in 
35 of ether), may have a higher gravity, and also a higher boiling-point. 
The readiest way to know whether an ether is anhydrous or not, is to 
shake it up with a little carbon disulphide. If it is hydrous, the 
mixture is milky. Methylated ether is largely used in commerce ; its 
disagreeable odour is due to contamination by methylated contponuds ; 
otherwise the ether made from methylated spirit is ethylic ether, for 
mcthylic ether is a gas which escapes during the process.' Hence the 
term ‘'methylated” ether is misleading, for it contains no methylic 
ether, but is essentially a somewhat impure ethylic ether, 

§ 170. Ether as a Poison, — Ether has but little toxicological ini' 
portance. There are a few cases of death from its use as an anaesthetic, 
and a few cases of suicide. Ether is used by some people as a stimulant, 
but ether drinkers are uncommon, It causes an intoxicatiou very 
similar to that of alcohol, but of brief duration. In a. case of chronic 
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ether-taking recorded by Martin,'*' in which a woman, took daily doses 
of ether for the purpose, of allaying a gastric trouble, the patient suffered 
from shivering or trembling of the hands and feet, muscular weakness, 
cramp in the calves of the legs, pain in the breast and back, inter- 
mittent headaches, palpitation, singing in the ears, vomitings, and 
wakefulness ; the ether being discontinued, the patient recovered. In 
one of Orfila’s experiments, half an ounce of ether was administered to a 
dog. The animal died insensible in three hours. The mucous membrane 
of the Stomach was found highly inflamed, the inflammation extending 
somewhat into the duodenum ; the rest of the canal was healthy. The 
lungs were gorged with fluid blood. 

§ 171. Fatal Dose. — The fatal dose of ether, when taken as a liquid, 
is not known. 4 gnus. (1‘28 dims.) cause toxic symptoms, but the effect 
soon passes. Buchanan has seen a brandy -drinker consume 25 grms. 
(7 drms.) and yet survive. It is probable that most adults would be 
killed by a fluid ounce (28-4 c.c.). 

§ 172. Ether as an Anaesthetic. — Ether is now much used as an 
anesthetic, and generally in conjunction with chloroform. Anaesthesia 
by ether is said to compare favourably with that produced by chloroform. 
In 92,000 cases of operations performed under ether, the proportion 
dying from the effects of the ansesthetic was only '3 per 10,000 (Morgan), 
while chloroform gives a higher number (see p. 156), The mortality in 
America, again, from a mixture of chloroform and ether in 1 1,000 cases 
is reckoned at I ‘7 per 10,000; but this proportion is rather above some 
of the calculations relative to the mortality from pure chloroform, so that 
the question can hardly be considered settled. The symptoms of ether 
narcosis are very similar to those produced by chloroform. The chief 
point of difference appears to be its action on the heart. Ether, when 
first breathed, stimulates the heart’s action, and the after-depressiou that 
follows never reaches so high a grade as with chloroform. Ether is said 
to kill by paralysing the respiration, and in cases which end fatally 
the breathing is seen to stop suddenly : convulsions have not been 
noticed, The post-mortem appearances, as in the case of chloroform, 
are not characteristic. 

§ 173. Separation of Ether from Organic Fluids, etc. — Despite the 
low boiling-point of ether, it is by no means easy to separate it from 
organic substances so as to recover the ivhole of the ether present. The 
best way is to place the matters in a flask connected with an ordinary 
Liebig’s condenser, the tube of the latter at its farther end fitting closely 
into the doubly perforated cork of a flask, Into the second perforation 
is adapted an upright tube about 2 feet long, which may be of small 
diameter, and must be surrounded by a freezing mixture of ice and salt. 

* Uumptca Haul as, 18 (i 8 . 
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e upper end of this tube is closed by a thistle-head funnel with 
?hon , and in tire bend of the syphon a little mercury serves as a valve, 
-■at is now applied to the flask by means of a water-bath, and continued 
several hours ; the liquid which has distilled over is then treated 
■h. clry calcic chloride and redistilled exactly in the same way. To 
s distillate again a similar process may be used, substituting dry 
;assic carbonate for the calcic chloride. It is only by operating on 
ae principles that the expert can recover in an approximate state of 
iyd.rous purity such a volatile liquid. Having thus obtained it pure, 
nay be identified (1) by its smell, (2) by its boiling-point, (3) by its 
ammability, and (4) by its reducing chromic acid. The latter test 
y be applied to the vapour. An asbestos fibre is soaked in a mixture 
trong sulphuric acid and potassic dichromate, and then placed in the 
e connected with the flask— the ethereal (or alcoholic) vapour passing 
r the fibre immediately rednees the chromic acid to chromic oxide, 
i tbie production of a green colour'. 


V.— Chloroform. 

CHLOROFORM, TRICHLOROMETHANE OR METHYL CHLORIDE 

(CHcy. 

174. Chloroform appears to have been discovered independently by 
reyran and Liebig, about 1830. It was first employed in medicine 
Jimpson, of Edinburgh, as an anesthetic, Pure chloroform has a 
ity of 1'491 at 17°, and boils at 60'8° ; but commercial samples have 
ities of from 1-47 to 1 '491 , It is a colourless liquid, strongly 
cting light ; it cannot be ignited by itself, but, when mixed with 
rol, burns with a smoky flame edged with green. Its odour is 
y, but rather pleasant ; the taste is sweet and burning, 
'hloroform sinks in water, and is only slightly soluble in that fluid 
,n 1 00 c.c.) ; it is perfectly neutral in reaction, and very volatile, 
n rubbed on the skin, it should completely evaporate, leaving uo 
Pure absolute chloroform gives an opaline mixture if mixed 
from 1 to 5 volumes of alcohol, but with any quantity above 
unies the mixture is clear ; it mixes in all proportions with ether, 
oform coagulates albumen, and is an excellent solvent for most 
ic bases — camphor, caoutchouc, axnber, opal, and all common resins, 
ssolves phosphorus and sulphur slightly — more freely iodine and 
u e, It floats on hydric sulphate, which only attacks it at a boiling 

llorofomi is sometimes impure from faulty manufacture or decoim 
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position. The impurities to be sought are alcohol, methylated chloro- 
form,* dichloride of ethylene (C a H 4 Cl 2 ), chloride of ethyl (CyEjCl), 
aldehyde, chlorine, hydrochloric, hypochlorous, and traces of sulphuric 
acid : there have also been found chlorinated oils. One of the best tests 
for contamination by alcohol, wood spirit, or ether, is that known as 
Roussin’s ; diuitrosulphide of iron t is added to chloroform. If it contain 
any of these impurities, it acquires a dark colour ; but if pure, remains 
bright and colourless. 

The presence of alcohol or ether, or both, may also be discovered by 
tbe bichromate test, which is best applied as follows ; — A few milli- 
grammes of potassic bichromate are placed at the bottom of a test tube 
with four or five drops of sulphuric acid, which liberates the chromic 
acid ; next, a very little water is added to dissolve the chromic acid ; 
and lastly, the chloroform. The whole is now shaken, and allowed to 
separate. If the chloroform is pure, the mass is hardly tinged a greenish- 
yellow, and no layer separates. If, however, there is anything like 5 
per cent, of alcohol or ether present, the deep green of chromium 
chloride appears, and there is a distinct layer at the bottom of the 
tube. 

Another way to detect alcohol in chloroform, and also to make an 
approximate estimation of its quality, is to place 20 c.c. of chloroform 
in a burette, and then add 80 c.c. of water. On shaking violently, pure 
chloroform will sink to the bottom in clear globules, and the measurement 
will be as nearly as possible the original quantity ; but if anything like 
a percentage of alcohol be present, the chloroform is seen to be diminished 
in quantity, and its surface is opalescent, the diminution being caused 
by the water dissolving out the alcohol. The addition of a few drops 
of potash solution destroys the meniscus, and allows of a close reading 
of the volume. The supernatant water may be utilised for the detection 
of other impurities, and tested for sulphuric acid by baric chloride, for 
free chlorine and hypochlorous acid by starch and potassic iodide, and 
for hydrochloric acid by silver nitrate. | Fuchsiue, proposed by Stadeler, 
is also a delicate reagent for the presence of alcohol in chloroform, the 
sample becoming red in the presence of alcohol, and the tint being 
proportionate to the quantity present. The most delicate test for 

* Methylated chloroform is that which is prepared from methylated spirit. 1 1 
is liable to more impurities than that made from pure alcohol, but, of course, its 
composition is tlic same, and it is now manufactured from this source almost 
chemically pure. 

+ Made by slowly adding ferric sulphate to a boiliug solution of ammonic sulphide 
and potassic nitrite, as long as the precipitate continues to redissolve, and then 
filtering the solution. 

X Neither an alcoholic nor an aqueous solution of silver nitrate causes the slightest 
change in pure chloroform, 



l 75~ l 77'\ 


CHLOROFORM. 


153 


alcohol is, however, the iodoform test fully described in “ Foods,” p. 383.* 
Dichloride of ethylene is detected by shaking up the chloroform with 
dry potassic carbonate, and then adding metallic potassium. This does 
not act on pure chloroform, but only in presence of ethylene dichloride, 
when the gaseous chlor-ethylene (C 2 H 3 C1) is evolved. Ethybchloride is 
detected by distilling the chloroform and collecting the first portions of 
the distillate ; it will have a distinct odour of ethybchloride should it 
be present. Methyl compounds and empyrenmatic oils are roughly 
detected by allowing the chloroform to evaporate on a cloth. If present, 
the cloth, when the chloroform has evaporated, will have a peculiar, 
disagreeable odour. Aldehyde is recognised by its reducing action on 
argentic nitrate ; the mineral acids by the reddening of litmus-paper, 
and the appropriate tests. Hypochlorous ■ acid first reddens, and then 
bleaches, litmus-paper. 

Dr. Dott (Pham, Jounu , 1894, p, 629) gives the following tests: — 
Specific gravity, 1'420 to 1-495, On allowing £ fluid drm. to evaporate 
from a clean surface, no foreign odour is perceptible at any stage of the 
evaporation. When 1 fluid drm. is agitated with an equal volume of 
solution of silver nitrate, no precipitate or turbidity is produced after 
standing for five minutes. On shaking up the chloroform with half its 
volume of distilled water, the water should not redden litmus-paper. 
When shaken with an equal volume of sulphuric acid, little or no colour 
should be imparted to the acid. 

§ 175, The ordinary method of manufacturing- chloroform is by 
distilling alcohol with chlorinated lime ; but another mode is now much 
in use — viz,, the decomposition of chloral hydrate. By distilling it 
with a weak alkali, this process yields such a pure chloroform, that, for 
medicinal purposes, it should supersede every other. 


1. AS A LIQUID. 

§ 176. Poisonous Effects of Chloroform — Statistics. — Falck finds 
recorded in medical literature 27 cases of poisoning by chloroform 
having been swallowed — of these 15 were men, 9 were women, and 
3 children, Eighteen of the cases were suicidal, and 10 of the IS 
died ; the remainder took the liquid by mistake, 

§ 177, Local Action of Chloroform. — When applied to the skin or 
mucous membranes iu such a way that the fluid cannot evaporate — as, 

* An attempt has been made by Besnou to estimate the amount of alcohol by 
the specific gravity. He found that a chloroform of 1-4945 gravity, mixed with 5 
peroent, of alcohol, gave a specific gravity of 1-4772 ; 10 per cent., 1-4602 j 20 per- 
cent., 1 '4262 j and 25 per cent., 1’4090. It would, therefore, seem that every per- 
centage of alcohol lowers the gravity by '0034. 
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for example, by means of a cloth steeped in chloroform laid on the bare 
skin, and covered over with some impervious materia! — there is a 
burning sensation, which soon ceases, and leaves the part anaesthetised, 
while the skin, at the same time, is reddened, and sometimes even 
blistered. 

§ 178. Chloroform added to blood, or passed through it in the state 
of vapour, causes it to assume a peculiar brownish colour owing to 
destruction of the red corpuscles and solution of the haemoglobin in 
the plasma. The change does not require the presence of atmospheric 
air, but takes place equally in an atmosphere of hydrogen. It has been 
shown by Schmiedeberg that the chloroform enters in some way into a 
state of combination with the blood corpuscles, for the eutire quantity 
cannot be recovered by distillation ; whereas the plasma, similarly 
treated, yields the entire quantity which has in the first place been 
added. Schmiedeberg also asserts that the oxygen is in firmer conn 
bination with the chloroformised blood than usual, as shown by its slow 
extraction by stanuous oxide. Muscle, exposed to chloroform liquid by 
arterial injection, quickly loses excitability and becomes rigid. Nerves 
are first stimulated, and then their function for the time is annihilated ; 
but on evaporation of the chloroform, the function is restored. 

§ 179. General Effects of the Liquid. — However poisonous in a 
state of vapour, chloroform cannot be considered an extremely active 
poison when taken into the stomach as a liquid, for enormous quantities, 
relatively, have been drank without fatal effect. Thus, there is the case 
recorded by Taylor, in which a man, who had swallowed 1 13'4 grout 
(4 ozs.), walked a considerable distance after taking the dose. He 
subsequently fell into a state of coma, with dilated pupils, stertorous 
breathing, and imperceptible pulse. These symptoms were followed by 
convulsions, but the patient recovered in five days. 

I 11 a case related by Burkart,* a woman desired to kill herself with 
chloroform, and procured for that purpose 50 grms. (a little less than 
one ounce and a half) ; she drank some of it, but the burning taste and 
the sense of heat in the mouth, throat, and stomach, prevented her from 
taking the whole at once. After a few moments, the pain passing off, 
she essayed to drink the remainder, and did swallow the greater portion 
of it, but was again prevented by the suffering it caused. Finally, she 
poured what remained on a cloth, and placing it over her face, soon 
sank into a deep narcosis. She was found lying on the bed very pale, 
with blue lips, and foaming a little at the mouth ; the head was rigidly 
bent backwards, the extremities were lax ; the eyes were turned upwards 
and inwards, the pupils dilated and inactive ; the face and extremities 
were cold, the body somewhat warmer ; there was no pulse at the wrist, 
* Vicrteljdhi'aschr. fur ger. Med. t 18 < G, 
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the carotids beat feebly; the breathing was deep and rattling, and after 
five or six inspirations ceased. By the aid of artificial respiration, etc., 
she recovered in an hour. 

A still larger dose has beeu recovered from in the case of a young 
man, aged 23,* who had swallowed no less than 75 grins. (2'6 ozs.) 
of chloroform, but yet, in a few hours, awoke from the stupor. He 
complained of a burning pain in the stomach ; ou the following day he 
suffered from vomiting, and on the third day symptoms of jaundice 
appeared — a feature which has been several times noticed as an effect 
of chloroform. 

On the other baud, even small doses have been known to destroy 
life. In a case related by Taylor, a boy, aged 4, swallowed 3-5 grms. 
(1 drm.) of chloroform and died in three hours, notwithstanding that 
every effort was used for his recovery. 

§ 180. The smallest dose that has proved fatal to an adult is 15 grms. 
(a little over 4 drms.). 

From twenty-two cases in which the quautity taken had been ascer- 
tained with some degree of accuracy, Falck draws the following con- 
clusions : — In eight of the cases the dose was between 4 and 30 grms., 
and one death resulted from 15 grms. As for the other fourteen 
persons, the doses varied from 35 to 380 grms., and eight of these 
patients died — two after 40, two after 45, one after 60, 90, 120, and 
180 grms. respectively. Hence, under coalitions favouring the action 
of the poison, 15 grms. (4‘3 drms.) may fry fatal to an adult, while doses 
of 40 grms, (II‘3 drms.) and upwards will almost certainly kill. 

§ 18 1. Symptoms. — The symptoms can be well gathered from the 
cases quoted. They commence shortly after the taking of the poison ; 
and, indeed, the local action of the liquid immediately causes first a 
burning sensation, followed by numbness, 

Often after a few minutes, precisely as when the vapour is adminis- 
tered, a peculiar, excited condition supervenes, accompanied, it may be, 
by delirium, The next stage is narcosis, and the patient lies with pale 
face and livid lips, etc., as described at p. 154 ; the end of the scene is 
often preceded by convulsions, Sometimes, however, consciousness 
returns, and the irritation of the mucous membranes of the gastro- 
intestinal canal is shown by bloody vomiting and bloody stools, with 
considerable pain and general suffering. In this way, a person may 
linger several days after the Ingestiou of the poison. In a case observed 
by Pomeroy, the fatal malady was prolonged for eight days. Among 
those who recover, a common sequela , as before mentioned, is jaundice. 

A third form of symptoms has been occasionally observed, viz. : 

The person awakes from the coma, the breathing and pulse become 
* Brit, Med, Juurti ., 1879. 
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again natural, aud all danger seems to have passed, when suddenly, 
after a longer or shorter time, without warning-, a state of general 
depression aud collapse supervenes, and death occurs. 

§ 182. Postmortem Appearances, — The post-mortem appearances 
from a fatal dose of liquid chloroform mainly resolve themselves- into 
redness of the mucous membrane of the stomach, though occasionally, 
as in Pomeroy's case, there may be an ulceration, In a case recorded 
by Hoffman,* a woman, aged 30, drank 35 to 40 grms. of chloroform 
aiid died within the hour, Almost the whole of the chloroform taken 
was found in the stomach, as a heavy fluid, coloured green, through the 
bile. The epithelium of the pharynx, epiglottis, and gullet was of a 
dirty colour, partly detached, whitened, softened, and easily stripped off. 
The mucous membrane of the stomach was much altered in colour and 
consistence, and, with the duodenum, was covered with a tenacious grey 
slime, There was no ecchymosis, 


2. THE VAPOUR OF CHLOROFORM, 

§ 183. Statistics, — Accidents occur far more frequently in the use 
of chloroform vapour for aniesthetic purposes than in the use of the 
liquid, 

Most of the cases of death through chloroform vapour are those 
caused accidentally in surgical and medical practice. A smaller 
number are suicidal, while for criminal purposes its use is extremely 
infrequent. 

The percentage of deaths caused by chloroform administered during 
operations is unaccountably different indifferent years, times, and places. 
The diversity of opinion on the subject is partly (though not entirely) 
explicable, by the degrees of purity in the amesthetic administered, the 
different modes of administration, the varying lengths of time of the 
anaesthesia, and the varying severity of the operations. 

During the Crimean war, according to Baudens and Qucsnoy, 
30,000 operations were done under chloroform, but only one death 
occurred attributable to the anaesthetic. Sausom t puts the average 
mortality at '75 per 10,000, Nussbaum at 1-3, Richardson at 2-8,1" 
Morgan § at 3'4. Iu the American war of secession, in 11,000 
operations, there were 7 deaths — that is, 6'3 per 10,000, the highest 
number on a large scale which appears to be on record. In the ten 
years ending 1903, 830 deaths are attributed to chloroform in Eng- 
land and Wales — viz., 520 males, 292 females, from use as a general 

* Lehrbnch der ycr. Medicin, 2te Aufl. 

t Chloro/onu: its Action, etc., London, 1865, 

+ Med. 'fines and Gazette, 1870, § Med. Soc , of Virginia, 1872. 
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anaesthetic ; 17 (9 males, 8 females) from suicide ; and a solitary ease of 
murder. 

§ 184. Suicidal and Criminal Poisoning by Chloroform. — Suicidal 
poisoning by chloroform will generally be indicated by the surrounding 
circumstances ; and iu no case hitherto reported has there been any 
difficulty or obscurity as to whether the narcosis was self-induced or 
not. A 11 interesting case is related by Schauenstein,* in which a 
physician resolved to commit suicide by chloroform, a commencing 
amaurosis having preyed upon his mind, and his choice having been 
determined by witnessing an accidental death by this agent. He 
accordingly plugged his nostrils, fitted on to the face an appropriate 
mask, and fastened it by strips of adhesive plaster. In such an 
instance, there could be no doubt of the suicidal intent, and the 
question of accident would be entirely out of the question. 

A dentist in Potsdam, f in a state of great mental depression from 
embarrassed circumstances, killed liis wife, himself, and two children by 
chloroform. Such crimes are fortunately very rare. 

There is a vulgar idea that it is possible, by holding a cloth saturated 
with chloroform to the mouth of a sleeping person (or one, indeed, per- 
fectly awake), to produce swlden insensibility ; but such an occurrence 
is agaiust all experimental and clinical evidence. It is true that a 
nervous person might, under such circumstances, faint and become 
insensible by mere nervous shock ; but a true sudden narcosis is 
impossible. 

Dolbeau has made some interesting experiments in order to ascer- 
tain whether, under any circumstances, a sleeping person might be 
anaesthetised . The main result appears to answer the question in the 
affirmative, at least with certain persons ; but even with these, it can 
only be done by using the greatest skill and care, first allowing the 
sleeper to breathe very dilute chloroform vapour, and then gradually 
exhibiting stronger doses, and taking the cloth or inhaler away on the 
slightest symptom of approaching wakefulness. In 75 per cent, of the 
cases, however, the individuals awoke almost Immediately on being 
exposed to the vapour. This cautious and scientific narcosis, then, is 
not likely to be used by the criminal class, or, if used, to be successful, 

§ 185, Physiological Effects. — Chloroform is a protoplasmic poison, 
According to Jumelle, plants can even be narcotised, ceasing to 
assimilate and no longer being sensitive to the stimulus of light. 
Isolated animal cells, like leucocytes, lose through chloroform vapour 
their power of spontaneous movement, and many bacteria cease to 
multiply if in contact with chloroform Water. According to Binx, 

* Masehka, HatuUmch dcr gcrichtlich. Median, p, 7S7, Tubingen, 1882. 
t Casper, Bundbuch cler yg\\ Med, 
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chloroform narcosis in man is to be explained through its producing a 
weak coagulation of the cerebral ganglion cells. As already mentioned, 
chloroform has an affinity for the red blood corpuscles. Chloroform 
stimulates the peripheral ends of the nerves of sensation, so that it 
causes irritation of the skin or mucous membranes when locally applied. 
Flourens considers that chloroform first affects the cerebrum, then the 
cerebellum, and finally the spinal cord ; the action is at first stimulating, 
afterwards paralysing. Most anesthetics diminish equally the ex- 
citability of the grey and the white nervous substance of the lirain, 
and this is the case with chloroform, ether, and morphine; but 
apparently this is not the case with chloral hydrate, which only 
diminishes the conductivity of the cortical substance of the brain, aud 
leaves the grey substance intact. Corresponding to the cerebral para- 
lysis, the blood-pressure sinks, and the heart beats slower and weaker.* 
The Hyderabad Commission made 735 researches on dogs and monkeys, 
and found that in fatal narcosis, so far as these animals are concerned, 
the respiration ceased before the heart, and this may be considered the 
normal mode of death ; but it is probably going too far to say that it is 
the exclusive form of death in man, for there have been published cases 
in which the heart failed first. 

§ 186. Symptoms. — There is but little outward difference between 
man and animals in regard to the symptoms caused by breathing 
chloroform ; in the former we have the advantage that the sensatious 
preceding narcosis can be described by the individual. 

The action of chloroform is usually divided into three more or less 
distinct stages. I 11 the first there is a ‘'drunken” condition, changes 
in the sense of smell and taste, and it may be hallucinations of vision 
and hearing ; there are also often curious creeping sensations about the 
skin, and sometimes excessive muscular action, causing violent struggles. 
Epileptiform convulsions are seen occasionally, and delirium is almost 
always present. The face during this stage is generally flushed, 
covered with perspiration, and the pupils contracted. The first stage 
may last from one minute to several, and passes into the second stac/e, 
or that of depression, Spontaneous movements' cease, sensibility to all 
external stimuli vanishes, the patient falls into a deep sleep, the con- 
sciousness is entirely lost, and reflex movements are more and more 
annihilated. The temperature is less than normal, the respirations are 
slow, aud the pulse is full and slow. The pupils in this stage are 
usually dilated, all the muscles are relaxed, and the limbs can be bent 
about in any direction. If now the inhalation of chloroform is inter- 
mitted, the patient wakes within a period which is usually from twenty 
to forty minutes, but may be several hours, after the last inhalation. 

* Robert’s Lehrbuch der Intoxiaatiown, 
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The third stcoje is that of paralysis ; tlie pulse becomes irregular, the 
respirations superficial, there is a cyanotic colouring of the lips and skin, 
while the pupils become widely dilated. Death follows quickly through 
paralysis of the respiratory centre, the respirations first ceasing, then 
the pulse ; in a few cases, the heart ceases first to beat. 

According to Sansom’s facts,"* in 100 cases of death by chloroform 
44'6 percent, occurred before the full narcosis had been attained, that 
is in the first stage, 3 4‘7 during the second stage, and 20"6 shortly after. 
So, also, Kappeler has recorded that in 101 cases of death from chloro- 
form, 47 '7 per cent, occurred before the full effect, and 52'2 during the 
full effect. This confirms the dictum of Billroth, that in all stages of 
anaesthesia by chloroform, death may occur. The quantity of chloroform, 
whtcli, when inhaled in a given time, will produce death, is unknown; 
for all depends upon the greater or less admixture of air, and probably 
oit other conditions. It has been laid down, that the inhalation of 
chloroform should be so managed as to ensure that the air breathed shall 
never contain more than 3"9 per cent, of chloroform, Fifteen drops have 
caused death ; but Taylor, on the other hand, records a case of tetanus, 
treated at Guy’s Hospital, in which no less a quantity than 700 grms. 
(22‘5 ozs.) was inhaled in twenty-four hours. Frequent breathing of 
chloroform in no way renders the individual safe from fatal accident. 
A lady t having repeatedly taken chloroform, was unasthetisefl by the 
same agent merely for theprrrpose of having a tooth extracted. About 
6 grms, (1‘5 drm.) were poured on a cloth, and after nine to ten inspira- 
tions, dangerous symptoms began— rattling breathing and convulsive 
movements — and, despite all remedies, she died. 

§ 187, Chronic chloroform poisoning is not unknown. It leads to 
various ailments, and seems to have been in one or two instances the 
■.ause of iusani ty, 

Bnchner records the case of an opium-eater, who afterwards took to 
hlorofonn ; he suffered from periodic mania, In a remarkable case 
elated by Meric, the patient, who had also first been a morphine-eater, 
Dok 350 grms. of chloroform in five days hy inhalation ; as often as he 
'oke he would chlorofonu himself again to sleep, In this case, there 
'as also mental disturbance, aud instances in which chloroform produced 
larked mental aberration are recorded by Biihm | and by Vigla.§ 

§ 18S. Post-mortem Appearances, — The lesions found on section 
re neither peculiar to, nor characteristic of, ch lorn form poisoning, It 
as been noted that bubbles of gas are, from time to time, to be 
bserved after death in the blood of those poisoned by chloroform, but 
is doubtful whether the bubbles are not merely those to be found in 


* Op, cit. 

$ Zienissen’s Kandluch , Bd. xv. 


I E 1 H 11 , Med, Journ., 1855. 
§ Mai, Tines, 1855. 
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any other corpse — in 189 cases, only eighteen times were these gas- 
bubbles observed,* so that, even if they are characteristic, the chances 
in a given case that they will not be seen are greater than the reverse. 
The smell of chloroform may be present, but has been noticed very 
seldom. 

§ 189. The detection and estimation of chloroform from organic 
substances is not difficult, its low boiling-point causing it to distil readily. 
Accordingly (whatever may be the ultimate modifications, as suggested 
by different experimenters), the first, step is to bring the substances, 
unless fluid, into a pulp with water, and submit this pulp to distillation 
by the heat of a water-bath. If the liquid operated upon possesses uo 
particular odour, the chloroform may iu this way be recognised in the 
distillate, which, if uecessary, may be redistilled in the same manner, 
so as to concentrate the volatile matters in a small compass. 

There are four chief tests for the identification of chloroform : — 

(1) The fiual distillate is tested with a little aniline, and an alcoholic 
solution of soda or potash lye ; either immediately, or upon gently 
warming the liquid, there is a peculiar and penetrating odour of phenyl- 
carbylamine, C 0 H 5 NC ; it is produced by the following reaction : — 

CHC1 3 + 3KOH + QH.,N H > C f H C N C + 3KC1 + 3H 2 0. 

Chloral, trichloracetic acid, bromofomi and iodoform also give the same 
reaction ; on the other hand, ethylidenc chloride does not yield under 
these circumstances any carbylamine (isonitrile). 

(2) Chloroform reduces Fehling’s alkaline copper solution, when 
applied to a distillate, thus excluding a host of more fixed bodies which 
have the same reaction ; it is a very excellent test, and may be made 
quantitative, The reaction is as follows : — 

CHCI 3 + 5KHO + 2CuO = Cn 2 0 + K 2 C0 3 + 3KC1 + 311,0 ; 

thus, every 100 parts of cuprous oxide equals 83 75 of chloroform. 

(3) The fluid to be tested (which, if acid, should be neutralised) is 
distilled in a slow current of hydrogen, and the vapour conducted 
tlxrough a short bit of red-hot combustion tube containing platinum 
gauze. Under these circumstances, the chloroform is decomposed and 
hydrochloric acid formed ; hence, the isstiing vapour has an acid re- 
action to test paper, and if led into a solution of silver nitrate, gives the 
usual precipitate of argentic chloride. Every 100 parts of silver chloride 
equal 27'758 of chloroform. 

(4) The fluid is mixed with a little thymol and potash ; if chloro- 
form be present, a reddish-violet colour is developed, becoming more 
distinct on the application of heat, f 

* Schauenstein (op. cit ,). 

t S, Vidali in Deutsch-Amerikan, Apoth,.Zeitm(i, vol. iij., Aug. 15, 1882. 
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§ 1 90. For the quantitative estimation of chloroform the method 
recommended by Schmiedeberg * is, however, the best, A combustion 
tube of 24 to 26 cm. long, and 10 to 12 mm. in diameter, open at both 
ends, is furnished at the one end with a plug of asbestos, while the 
middle part, to within 5-6 cm. of the other end, is filled with pieces of 
caustic lime, from the size of a lentil to that of half a pea. The lime 
must be pure, and is made by heating a carbonate which has been pre- 
cipitated from calcic nitrate. The other end of the tube is closed by a 
cork, carrying a silver tube, 16-18 cm. long, and 4 mm, thick. The 
end containing the asbestos plug is fitted by a cork to a glass tube. 
The combustion tube thus prepared is placed in the ordinary combnstion 
furnace ; the flask containing the chloroform is adapted, and the dis- 
tillation slowly proceeded with It is best to add a tube, bent at right 
angles and going to the bottom of the flask, to draw air continuously 
through the apparatus. During the whole process, the tube containing 
the lime is kept at a red heat. The chloroform is decomposed, and the 
chlorine combines with the lime. The resulting calcic chloride, mixed 
with much unchanged lime, is, at the end of the operation, cooled, dis- 
solved in dilute nitric acid, and precipitated with silver nitrate. Any 
silver chloride is collected and weighed and calculated into chloroform, f 


VI.— Chloral. 

§ 191, Chloral Hydrate (C 2 HC1 3 0, H ? 0) is made by mixing equivalent 
quantities of anhydrous chloral J and water. The purest chloral is in 
the form of small, granular, sugar -like crystals. When less pure, the 
crystals are larger. These melt into a clear fluid at from 48° to 49°, 
and the melted mass solidifies again at 48'9°, Chloral boils at 97‘5° ; 
it is not very soluble in cold chloroform, requiring four times its weight. 
The only substance with which chloral hydrate may well be confused is 
chloral alcoholate (C 4 H 7 C1 3 0 2 ), but chloral alcoholate melts at a lower 
temperature (45°), and boils at a higher (113‘5°); it is easily soluble 

* Ueber die quantitative Mestimmung des Chloroforms im Blutc. Inaug. Dissert., 
Dorpat, 1866. 

t S. Vidali lias made the ingenious suggestion of developing hydrogen in the 
usual way, by means of zinc and sulphuric acid, in the liquid supposed to contain 
chloroform, to ignite the hydrogen, as in Marsh's test, when it issues from tlw tube, 
and then to hold in the flame a clean copjisr wires Since any chloroform is burnt up 
in the hydrogen flame to hydrochloric acid, the chloride of copper immediately 
volatilises and colours the flame green. 

+ Anhydrous chloral (C 2 HC1 3 0) is an oily liquid, of specific gravity 1 -502 at 18” ; 
it boils at 977°. It is obtained by the prolonged action of chlorine on absolute 
alcohol, 
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actions through, small doses are intensified ; through large, much 
diminished. '025— - 05 grm. (‘4— ‘7 grain), injected subcutaneously into 
frogs, causes a slowing of the respiration, a diminution of reflex excita- 
bility, and lastly, its complete cessation ; this condition lasts several 
hours ; at length the animal returns to its normal State. If the dose is 
raised to '1 grm. (1‘5 grain) after the cessation of reflex movements, the 
heart is paralysed — a paralysis uot due to any central action of the 
vagus, but to a direct action on the cardiac ganglia. Babbits of the 
ordinary weight of 2 kilos, are fully narcotised by the subcutaneous 
injection of 1 grm. ; the sleep is very profound, and lasts several hours ; 
the animal wakes up spontaneously, and is apparently none the worse. 
If 2 grins, are administered, the narcotic effects, rapidly developed, are 
much prolonged. There is a remarkable diminution of temperature, and 
the animal dies, the respiration ceasiug without convulsion or other sign. 
Moderate -sized dogs require 6 grms. for a full narcosis, and the symptoms 
are similar ; they also wake after many hours, in apparent good health.* 

§ 195. Liebreich considered that the action of chloral was due to 
its being broken up by the alkali of the blood, and the system being thus 
brought into a state precisely similar to its condition when anaesthetised 
by chloroform vapour. This view has, however, been proved to be 
erroneous, Chloral hydrate can, it is true, be decomposed in some degree 
by the blood at 40° ; but the action must be prolonged for several hours. 
A 1 per cent, solution of alkali does not decompose chloral at a blood-heat 
ill the time within which chloral acts in the body ; and since narcotic 
effects are commonly observed when, in the fatty group, hydrogen has 
been displaced by 0111014116, it is more probable that chloral hydrate is 
absorbed and circulates in the blood as such, and is not broken up into 
chloroform and an alkaline formate. 

§ 196. Effects of Chloral Hydrate on Man, — Since the year 1869, 
in which chloral was first introduced to medicine, it has been the cause 
of a number of accidental and other cases of poisoning, In nearly all 
the cases the poison was taken by the mouth, but in one instance the 
patient died hi three hours, after having injected into the rectum 5'86 
grms. of chloral hydrate, There is also on record a case in which, for 
the purpose of producing surgical anaesthesia, 6 grms, of chloral were 
injected into the veins ; the man died in as many minutes, f 

* C, Ph, Falck has divided the symptoms into — (1) }U'eliminary hypnotic ; (2) au 
adynamic state ; and (3) a comatose condition. 

t This dangerous practice was introduced by M. Ore. In a case of traumatic 
tetanus, in which M. Ore injected into the veins 9 grms. of chloral in 10 grms. of 
water, there was profound insensibility, lasting eleven hours, during which time a 
painful operation on the thumb was performed. The next day 10 grms. were in- 
jected, when the insensibility lasted eight hours ; and 9 grms. were injected on each 
of the two following days, The man recovered, In another case, Ore amesthetised 
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§ 197. Fatal Dose. — It is impossible to state with any exactness the 
precise quantity of chloral which may cause death. Children bear it 
better, in proportion, than adults, while old persons (especially those 
wi th weak hearts, and those inclined to apoplexy) are likely to be strongly 
affected by very small doses. A dose of '19 grru. (3 grains) has been 
fatal to a child a year old in ten hours. On the other hand, according 
to Bonchnt’s observations on 10,000 children, he considers that the full 
therapeutic effect of chloral can be obtained safely with them in the 
following ratio : — 

Children of 1 to 3 years, dose 1 to 1'5 grin. (15'4 to 23-1 grains) 

n 3 ,, 5 T) ,, 2 ,, 3 ,, (30'8 ,, 46 '3 ,, ) 

i) 5 ,, 7 ,, ,, 3 ,, 4 ,, (46*3 ,, 61 ‘7 ,, ) 

— tlioso quantities being dissolved in 100 no. of water. 

These doses are ca-tainly too high, and it would be dangerous to take 
them as a guide, since death has occurred in a child, aged 5, from a dose 
of 3 grms. (46'3 grains). Medical men in England consider 20 grains a 
very full dose for a child of 4 years old, and 50 for au adult, while a 
case is recorded in which a dose of 1'9 grm. (30 grains) proved fatal in 
thirty -five hours to a young lady aged 20. On the other hand, we find 
a case* in which, to a patient suffering from epileptic mania, a dose of 
31 T grms. ( II oz.) of chloral hydrate was administered ; she sank into a 
deep sleep in five minutes. Subcutaneous injections of strychnine were 
applied, and after sleeping for forty-eight hours, there was recovery. On 
the third day a vivid scarlatinal rash appeared, followed by desquamation. 
The examples quoted — the fetal dose of 1*9 grm., and recovery from 31 
grms. — are the two extremes for adults, From other cases, it appears 
tolerably plain that most people would recover, especially with appropriate 
treatment, from a single dose under 8 grms., but anything above that 
qiuvutity taken at one time would be very dangerous, and doses of 10 
grms. and above, almost always fatal. If, however, 8 grms. were taken in 
divided doses during the twenty- four hours, it could (according to Sir 
11 W, Richardson) be done with safety. The time from the taking of the 
poison tilldeath varies considerably, and is in part dependent on the dose. 

In seven cases of lethal poisoning, three persons who took, the small 
doses of 1 25, 2*5, and l'9o grms, respectively, lived from eight to ten 
hours ; two, taking 4 and 5 grms. respectively, died very shortly after 
the administration of the chloral, In a sixth case, related by Brown, in 

ininieiliivtdy a qutieut by plunging the subcutaneous needle of liis syringe into tlie 
radial vein, and injeeted 10 guns, of chloral hydrate with 30 of water. The patient 
became insensible before the whole quantity was injected with " a nc immobility rap • 
pdlant txlledu cadavre On finishing the operation, the patient was roused imme- 
diately by the application of an electric current, one pole on the left side of the neck, 
the other on the epigastii urn. Joiim. cic Phctr-m. et de Ohimic, t. 19, p. 314. 

* Chicago Madital Review , 1882. 
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which 3' 12 grms. had been taken, the patient lived an hour; and in 
another, after a dose of 5 grms., recorded by Jolly, death took place 
within a quarter of an hour. 

§ 198. Symptoms. — With moderate doses there are practically no 
symptoms, save a drowsiness coming on imperceptibly, and followed by 
heavy sleep. With doses up to 2 grms. (30'8 grains), the hypnotic state 
is perfectly under the command of the will, and if the person chooses to 
walk about or engage in any occupation, he can ward off sleep ; but with 
those doses which lead to danger, the narcosis is completely uncontrol- 
lable, the appearance of the sleeper is often strikingly like that of a 
drunken person. There is great diminution of temperature commencing 
in from five to twenty minutes after taking the dose — occasionally sleep 
is preceded by a delirious state. During the deep slumber the face is 
much flushed, and in a few cases the sleep passes directly into death 
without any marked change. In others, symptoms of collapse appear, 
and the patient sinks through exhaustion. 

With some persons doses, which, in themselves, are insufficient to 
cause death, yet have a peculiar effect on the mental faculties. A case 
of great medico-legal interest is described by the patient himself, Dr. 
Manjot.* He took in three doses, hourly, 12 grms. of chloral hydrate. 
After the first dose the pain, for which he had recourse to chloral, 
vanished ; but Manjot, although he had all the appearance of being' per- 
fectly conscious, yet had not the slightest knowledge of what he was 
doing or speaking. He took the other two doses, and sank into a deep 
sleep which lasted twelve hours. He then awoke and answered ques- 
tions with difficulty, but could not move ; he lay for the next twelve 
hour's in a half slumber, and the following night slept soundly — to wake 
up recovered, 

§ 199, The treatment of acute chloral poisoning which has been most 
successful is that by strychnine injections, aud- the application of 
warmth to counteract the loss of temperature which is so constaut a 
phenomenon, As an illustration of the treatmeut by strychnine, an 
interesting case recorded by Levinstein f may be quoted. 

A man, 35 years old, took at one dose, for the purpose of suicide, 
24 grms, of chloral hydrate. In half au hour afterwards he was 
found in a deep sleep, with flushed face, swollen veins, and a pulse 160 
iu the minute. After a further half hour, the congestion of the head 
was still more striking ; the temperature was 39 '5° ; the pulse hard and 
bounding 92 ; the breathing laboured, at times intermittent. 

Artificial respiration was at once commenced, but, in spite of this, in 
about another half-hour the face became deadly pale, the temperature 
sank to 32'9°. The pupils contracted and the pulse was scarcely to be 

* Gaz.des Hop,, 1875, + VieHdjahi'ssckr. f. gsr. Mccl., Bd. xx., 1874. 
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felt; 3 mgrms. ('04 grain) of strychnine were now injected subcutane- 
ously ; this caused tetanic convulsions in the upper part of the body 
and trismus. The heart’s action again became somewhat stronger, the 
temperature rose to 33‘3°, and the pupils dilated; but soon followed, 
again, depression of the heart’s action, and the respiration could only be 
kept going by faradisation. Two mgrms. ('03 grain) of strychnine 
were once more injected, and the heart’s action improved. During the 
succeeding six hours the respiration had to be assisted by faradisation. 
The temperature gradually rose to 36'5°; ten hours after taking the 
dose the patient lay in a deep sleep, breathing spontaneously and 
reacting to external stimuli with a temperature of 38'5°. Eighteen 
hours from the commencement, the respiration again became irregular, 
and the galvanic current was anew applied. The last application 
aroused the sleeper, he took some milk and again slept ; after twenty- 
seven hours he could be awakened by calling, etc., but had not full con- 
sciousness ; he again took some milk and sank to sleep. It was not 
until tliirty-two hours had elapsed from the ingestion of the poison that 
he awoke spontaneously ; there were no after-effects. 

§ 200. Chronic Poisoning by Chloral Hydrate. — An enormous num- 
ber of people habitually take chloral hydrate. The history of the habit 
is usually that some physician has given them a chloral prescription for 
neuralgia, for loss of sleep, or other cause, and finding that they can 
conjure sleep, oblivion, and loss (it may be) of suffering whenever they 
choose, they go on repeating it from day to day until it becomes a 
necessity of their existence. A dangerous facility to chloral-drinking is 
the existence of patent medicines, advertised as sleep-producers, and 
containing chloral as the active ingredient, A lady, aged 35, died in 
1876, at Exeter, from an overdose of “Hunter’s solution of chloral, or 
sedative draught and sleep producer,” Its strength was stated at the 
inquest to be 25 graius to the drachm (41 ‘6 per cent.).* 

The evil results of this chloral-drinking are especially to be looked 
for in the mental faculties, and the alienists have had since 1869 a new 
insanity-producing factor. Iu the asylums may usually be found 
several cases of melancholia and mania referred rightly (or wrongly) to 
chloral-drinking. Symptoms other than cerebral are chilliness of the 
body, inclination to fainting, clonic convulsions, and a want of co-ordina- 
tion of the muscles of the lower extremities, I 11 a case recorded by 
Husband, t a lady, after twelve days’ treatment by chloral hydrate, in 
doses of from 1 to 2 grms, (15‘4 to 30 ‘8 grains), suffered from a scar- 
latina-like rash, which was followed by desquamation. Among the 
insane, it has also been noticed that its use has been followed by nettle- 
rash and petechke (Reimer and others). 

* Exeter and Plymouth Gazette, Jan. 12, 1870. 


t Lancet, 1871. 
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§ 201. Excretion of Chloral. — Chloral hydrate is separated in the 
urine partly as urochloral acid (C s H n Cl 3 0 7 ). Butylchloral is separated 
as urobutylchloral acid (C l0 H 15 Cl 2 O 7 ). Urochloral acid is crystalline, 
soluble in water, in alcohol, and in ether, reduces copper from Fehling’s 
solution, and rotates a ray of polarised light to the left, Urochloral 
acid, on boiling with either dilute sulphuric or hydrochloric acid, splits 
np into trichlorethyl alcohol and glycnionic acid — 

C s H u C1 3 0 7 + EL;0 -> C 2 H 3 C1 3 0 + C 8 H 10 0 7 . 

Trichloralcohol is au oily fluid (boiling-point 150°— 152°) ; it yields by 
oxidation trichloracetic acid, 

Urobutylchloral acid gives,- on treatment with mineral acids, trichlor- 
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acid j to obtain the whole of the chloral requires distillation in a 
vacuum almost to dryness. 

The distillation will, unless there is also some partly decomposed 
chloral, not smell of chloroform, and yet give chloroform reactions. 

To identify it, to the distillate should be added a little burnt 
magnesia, and the distillate thus treated boiled for half an hour in a 
flask connected with an inverted condenser ; in this way the chloral 
hydrate is changed into chloroform * and magnesium formate — 

2CC1 3 CH(0H), 2 + MgO -> 2CHC1 S + ( HCOO),Mg + H,Cb 

The fluid may uow be tested for formic acid : it will give a black pre* 
cipitatc with solution of silver nitrate — 

(HCOO) 2 Mg + 4AgN0 3 = 4Ag + Mg(N0 3 ) 2 + 2C0 2 + 2HN0 3 . 

It will give a white precipitate of calomel when treated with mercuric 
chloride solution — 

(HC00).,Mg + 4HgCh = 2Hg 2 Cl, + MgCU + 2HC1 + 2C0 2 . 

Chloral (or chloroform), when boiled with resorcinol and the liquid 
made strongly alkaline with NaHO, gives a red colour, which disappears 
on acidifying and is restored by alkalies. If, on the other hand, there 
is an excess of resorcinol and only a very small quantity of NaHO used, 
the product shows a yellowish-green fluorescence ; xtr of a milligramme 
of chloral hydrate gives this reaction distinctly when boiled with 50 
mgrms, of resorcinol and 5 drops of a normal solution of sodium 
hydrate. t 

Dr. Frank Ogston \ has recommended sulphide of ammonium to be 
added to any liquid as a test for chloral. The contents of the stomach 
are filtered or submitted to dialysis, and the test applied direct. If 
chloral is present, there is first an orimge-yellow colour ; on standing, 
the fluid becomes more and more brown, then troubled, an amorjihons 
precipitate falls to the bottom, aud a peculiar odour is developed. 
With 10 mgrms, of chloral in 1 c.c. of water, there is an evident pre- 
cipitate, and the odour can readily be perceived ; with 1 mgmi. dissolved 
in 1 c.c. of water, there is an orange-yellow colour, and also the odour, 
but no precipitate ; with T mgnn, in 1 c.c. of water, there is a weak, 
pale, straw-yellow colour, which can scarcely be called characteristic. 
The only substance giving in neutral solutions the same reactions is 


* Kippeuberger {Arch, Phurni., cexxxviii., 1900) states thut when chloroform is 
distilled with an alkali some of it is decomposed, giving carbon monoxide and a 
chloride, The carbon monoxide may be estimated by means of palladium chloride. 
One part of metallic palladium = 11'! '6 parts of chloroform, 
t C. Schwarz, Phariu. Zeit,, xxxiii, 419. 

t Vierteljahrsschriftf, gerichtl. Mcilicin, 1879, lid, xxx. lift. 1, S, dbS. 
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antimony ; but, on the addition of a few drops of add, the antimony 
falls as an orange-yellow precipitate, while, if chloral alone is present, 
there is a light white precipitate of sulphur. 


VII — Minor Anaesthetics and Narcotics, 


§ 203. When chlorine acts upon marsh-gas, the hydrogen can be displaced atom 
by atom ; and from the original methane (CH 4 ) can he successively obtained ehloro- 
methane or methyl chloride (CH 3 C1), dichloromethane, or nietlieuc dieliloride, 
methylene dichloride (CH,C1. 4 ), trichloromethane, or chloroform (CHC1 3 ), alieady 
described, and carbon tetrachloride (CC1 4 ). All these are, more or less, capable of 
producing anaesthesia ; but none of them, save chloroform, are of any toxicological 
importance. 

Metlieue dichloride, recommended by Sir B. W. Richardson as an anesthetic, has 
coure somewhat into use. It is a colourless, very volatile liquid, of specific gravity 
l-3t>0, aud boiling at 41°. It hums with a smoky flame, and dissolves iodine with a 
brown colour-. 

§ 204. Pentane (G 5 H,..). — There are three isomers of pentane ; that which is 
used as an anaesthetic is normal jientane, CH 3 - CH., - CH, - CH, - CH 3 ; its boiling ■ 
point is 37-38.° 1 1 is one of the constituents of petroleum ether. 

Under the name of “Pental” it is used in certain hospitals extensively, for 
instance, at the Kaiser Friederich’s Children's Hospital, Berlin. 1 ' It is stated to 
have no actiou on the heart. 

One death t has been recorded from its use; — A lad, aged 14, was put under 
pental for tire purpose of having two molars painlessly extracted. He was only a 
minute or two insensible, and 4-5 gmis. of pental was the quantity stated to have 
been inhaled, The boy spat out after the operation, then suddenly fainted and died, 
The post-mortem showed cedema of the lungs ; the right side of tlic heart was empty, 
The organs of the body smelled strongly of pental. 


§ 205. Aldehyde (Acetaldehyde), C\,H 4 0 or UH 3 - C 



a fluid obtained by the 


careful oxidation of alcohol (boiling-point, 20 '8°), is in large doses toxic ; in smaller, 
it acts as a narcotic. 

Metaldehyde (O..H 4 0 .j),, obtained by treating acetaldehyde at a low temperature 
with hydrochloric acid. It occurs in the form of prisms, which sublime at nbout 
112° j it is also pioisonous. 

§ 206. Paraldehyde (C^H,/).,) is a colourless fluid, boiling at 124° ; specific gravity 
•998 at 15°, By the action of cold it may he obtained in crystals, the melting- 
point of which is 10'5°, It is soluble iu eightparts of water at 13° ; in warm water 
it is less soluble ; lienee, on warming a solution, it becomes turbid. Paraldehyde is 
said to paralyse the anterior eornna of spinal cold. In two recorded eases + of 
poisoning there was unoonseioustiess, perspiration, shallow breathing, and inter- 
mittent pulse. 

Treatment with amyl nitrite aud strychnine has proved effective. 

§207. Somoform.g — This is a mixture of ethyl chloride, 65 parts) methyl chloride, 


* Zeit.f. Kinderhcilk. , Bd. iii.-iv,, 1893, 

t Dr, Bremme, Vicrtcljahrsschr. f, ycrichtliche Mediciu, Bd, v., 1893. 
+ Lancet, Sept. 23, 1900, 875 ; and Sept. 6, 1902. 

§ Proc. Physiol . Hoc., xxv., 1903. 
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30 parts ; and ethyl bromide, 5 parts. In toxic doses it causes death by tonic 
stoppage of diaphragm while the heart still beats strongly. 

§ 208. Sulphones — Sulphonal, Trional, Tetronal. — Of these, snlphonal, trional, 
and tetronal are in commerce, and much in use as narcotics. The sulphones are 
regarded as urethane, in which the hydrogen atoms are replaced by alkyl and 
alkyl snlphonic radicles ; thus sulphonal is a dimethyl sulphone diethyl ethane, 
ui.p. 126°, 

CH 3 SOj-C.jHj 


C 

/ \ 

CH S SO.3-G.H5 


Trional, ui.ji 75°, is a monomethyhethyl sulphone'direthyl ethane, 


(JH, 


SO..G.H, 


\ / 



\ 

SO,C.jH 4 


while tetronal, m.p. 85°, is a diethyl sulphone diethyl ethane. 

Bauman and Hast * have shown that there is a relation between narcotic power 
and the number of ethyl groups, dimethyl sulphone-dimethyl ethane being without 
action, while the corresponding ethyl (tetronal) compound exercises the strongest 
narcotic actiou ; if a sulphonal methyl group is replaced by phenyl C 6 H 5 no narcotic 
action is produced, but if both methyl groups are replaced as in diphenyl diethyl 
sulphone methane, C 6 H 5 C(S 0 2 C v ,H 5 ),)C rr H 5 , an intense poison is produced, the fatal 
dose for cats being 0‘5 grm. pier kilo. 

The ordinary sleeping dose of sulphonal for adults is from 10 to 20 grains 
(‘65 grm. -1‘3 grm. ) ; single occasional doses of this magnitude do not seem to 
appreciably all'ect the health, but if taken day after day serious changes may be 
produced. A woman + aged 53, took for some time 15 grains (1 grm. ) of sulphonal. 
At last there was marked mental confusion, difficulty of speech, and a peculiar 
sighing dyspneea. The urine was tinged a deep pink colour, stiffness and paralysis 
of both legs soon developed, and death ; the pathological changes were fatty degenera- 
tion of the heart, liver, and kidneys. 

J. C. Whatley, M. R.C. S.,+ records a ease in which a single dose of 20 grains 
apparently produced an attack of urticaria. If suitable treatment is at hand large 
doses may be recovered from. A single woman, § aged 27, suffering from melancholia, 
took 365 grains (23 ‘9 grm.) with suicidal intent. Twelve hours after taking the 
poison she was discovered profoundly Comatose ; there was no corneal reflex, andtho 
knee-jerks and the radial reflexes were absent. She was treated by washing the 
stomach out and subcutaneous injections of jV grain of strychnine and ^ grain of 
digitalin. She completely recovered in about eight days. 

There are hut few eases of poisoning by trional on record. Dr. Warren Coleman || 
describes an interesting case in which a woman aged 35 took, during seventy .two hours, 
9 drachms (about 32 gnus. ) of trional, . She was at the time suffering from delirium, 
the result of alcoholic excess, She became somnolent, bat was easily roused. There 
was 110 disturbance of the circulation or respiration. The speech was thick and the 
gait ataxic, There was no hemato-porphynria. Recovery was ultimately complete. 


* H. Hildebrant, Arch,,/, exper. Path, ti, Phamu, Bd. liii, 

t Lancet, July 28, 1900, 

+ Lancet,, April 9, 1904. 

§ Alfred kl. Hind, Lancet, Jau, 28, 1904, 
j| Med. News, July 28, 1900. 
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The suljihones described above may be shaken out of a feebly alkaline solution 
by ether. 

Organic matters are extracted by 90 per cent, hot alcohol ; the liquid is cooled, 
filtered and freed from alcohol by distillation ; the residual liquid is filtered while hot, 
made feebly alkaline by means of KHO, and shakai ont in a separating funnel by ether. 
The ethereal solution is evaporated to dryness aud leaves the sul phone in the form of 
white crystals. That it is a sulphouc may be proved as follows i fused with sodium* 
peroxide, an orange*red mass results. A solution in water gives with sodium nitro* 
pmsside a purple colour, showing the presence of a polysulpliide ; sulphur separates 
whan the mass is treated with hydrochloric acid, aud a solution of chloride of barium 
precipitates barium sulphate. A melting. point should be taken ; as before stated, 
sulphoual melts at 126°, trional at 75°, *and tetronal at 85°, all temperatures so far 
apart as to admit of practical application fur the purposes of identification. 

§ 209. Veronal. — Diethyl'Wcdonyl carbamide, and ctliyl-butyryl carbamide, 
dietliyhmalonyl carbamide, and drpropyhmalouyl carbamide, all have a narcotic 
action, the first being as powerful as sulphoual, and the last lour times as strong.* 

Diethyl *malonyl carbamide or dietkybbarbetnrie acid is in commerce under tho 
name of veronal, and consists of small colourless transparent crystals melting at 
190° C. The crystals are soluble in 145 parts of water at 20°, freely soluble in alcohol 
and in ether, Boiled with caustic alkali it is converted into diethyl* malonic acid, 
which, melting at 120° C., at above 170° forms CO, and diethyl. acetic add. 

One death (suicidal) from veronal is reported to lravo taken place in Cornwall in 
May 1904. 

Dr. G, Fernandez Clarke t records a case in wliick 34 grammes were taken for 
several nights, causing narcosis and erythematosus, tho coma alternating with 
delirium. 


VIII — Bisulphide of Carbon. 

§ 210. Bisulphide of carbon— carhon disulphide, carhon sulphide 
(CS,)— is a colourless, volatile fluid, strongly refracting light. Commer* 
cial samples have a most repulsive and penetrating odour, but chemi* 
cally pure carbon sulphide has a smell which is not disagreeable. The 
boiling-point is 47° ; the speeiiic gravity at 0° is T293. It is very 
inflammable, burning with a blue flame, and evolving sulphur dioxide ; 
is little soluble in water, but mixes easily with alcohol or ether. 
Bisulphide of carbon, on account of its solvent powers for sulphur, 
phosphorus, oils, resins, caoutchouc, gutta*percha, etc., is in great 
request in certain industries. It is also utilised for disinfectiug purposes, 
the liquid being burnt in a lamp. 

§ 211. Poisoning by Carbon Bisulphide. — In spite of the cheapness 
and numerous applications of this liquid, poisoning is very rare. There 
appears to be a case on record of attempted self-destruction by this 
agent, in which a man took 2 ozs, (56'7 c.c.) of the liquid, but without 
a fatal result The symptoms in this case were pallor of the face, 
wide pupils, frequent and weak pulse, lesseued bodily temperature, and 

* E, Fischer and von Meting (Chcm. Centr., 1903, i. ). 
t Lancet, Jun. 23, 1904. 
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spasmodic convulsions. Carbon disulphide was detected in the breath 
by leading the expired air through an alcoholic solution of triethyl- 
phosphiu, with which it struck a red colour. It could also be found in 
the urine in the same way. An intense burning in the throat, giddiness, 
and headache lasted for several days. 

Experiments on auimals have been frequent, and it is found to be 
fatal to all forms of animal life. There is, indeed, no more convenient 
agent for the destruction of various noxious insects, such as moths, the 
weevils in biscuits, the common bug, etc., than bisulphide of carbon. It 
has also been recommended for use in exterminating mice and rats.* 
Different animals show various degrees of sensitiveness to the vapour ; 
frogs aud cats being less affected by it than birds, rabbits, and guinea- 
pigs. It is a blood poison ; methsemoglobin is formed, and there is 
disintegration of the red blood corpuscles. There is complete anaesthesia 
of the whole body, and death occurs through paralysis of the respiratory 
centre, but artificial respiration fails to restore life. 

Chronic Poisoning. — Of some importance is the chronic poisoning 
by carbou disulphide, occasionally met with in manufactures necessitat- 
ing the daily use of large quantities for dissolving caoutchouc, etc. 
When taken thtis in the form of vapour daily for some time, it gives 
rise to a complex series of symptoms which may be divided into two 
principal st.iges — viz,, a stage of excitement and one of depression, In 
the first phase, there is more or less permanent headache, with consider- 
able indigestion, and its attendant loss of appetite, nausea, etc. The 
sensitiveness of the skin is also heightened, and there are curious 
sensations of creeping, etc. The mind at the same time in some degree 
suffers, the temper becomes irritable, and singing in the ears and noises 
in the head have been noticed, In one factory a workman suffered from 
an acute mania, which subsided in two days upon removing him from 
the noxious vapour ( Eulenberg ). Hie sleep is disturbed by dreams, and, 
according to Delpech,t there is considerable sexual excitement, but this 
statement has in no way been confirmed, Pains in the limbs are a 
constant phenomenon, and the French observers have noticed spasmodic 
contractions of certain groups of muscles. 

The stage of depression begins with a more or less pronounced anaes- 
thesia of the skin. This is not confined to the outer skin, but also 
affects the mucous membranes j patients complain that they feel as if 
the tongue were covered with a cloth. The anaesthesia is very general. 
In a case recorded by Bernhardt,! a girl, 22 years old, who had worked 

* Cloez, Compt, Rend., t. lxtii 85, 

t Mimoire sur les Accidents quc tleveloppe chcz les ouvriircs cn caoutchouc <lu sxiU 
fxurc rlc cwrh, en vapcur, Paris, 1865, 

+ Ber , Tclin. Wochenschrift, No. 32, 1866. 
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six weeks in a caoutchouc factory, suffered from mental weak' 
ness and digestive troubles; there were anaesthesia and algesis of the 
whole skin. In these advanced cases the mental debility is very pro- 
nounced, and there is also weakness of the muscular system. Paralysis 
of the lower limbs has been noted, and in one instance a man had his 
right hand paralysed for two months. It seems uncertain how long a 
person is likely to suffer from the effects of the vapour after he is 
removed from its influence. If the first stage of poisoning only is 
experienced, then recovery is generally rapid ; but if mental and 
muscular weakness and anaesthesia of the skin have been developed, a 
year has been known to elapse without any considerable improvement, 
and permanent injury to the health may be feared. 

§ 212. Post-mortem Appearances. — The pathological appearances 
found after sudden death from disulphide of carbon are but little 
different to those found after fatal chloroform breathing. 

§ 213. Detection and Separation of Carbon Disulphide. The 

extreme volatility of the liquid renders it easy to separate it from 
organic liquids by distillatiou with reduced pressure in a stream of C0 2 . 
Carbon disulphide is best identified by (1) Hofman’s test, viz., . passing 
the vapour into an ethereal solution of tri ethyl- phosphin, (C 2 H 5 ) 3 P. 
Carbon disulphide forms with triethyl-phosphin a compound which 
crystallises in red scales. The crystals melt at 95° C., and have the 
following formula — P(C,H ! i ) 3 CS, j , This will detect 0'54 mgrm. Should 
the quantity of bisulphide be small, no crystals may be obtained, but 
the liquid will become of a red colour. (2) CS, 2 gives, with an alcoholic 
solution of potash, a precipitate of potassic xanthate, CS 2 C 2 H 5 OK. 

§ 214. Xantbogenic acid or ethyloxide-sulphocarbonate (CS 5 C 2 H 5 OH) is pre- 
pared by decomposing potassie xanthogenate by diluted hydrochloric or sulphuric 
acid, It is a colourless fluid, having an unpleasant odour, and a weakly acid and 
rather bitter taste, It bums with a blue colour, and is easily decomposed at 24°, 
splitting up into ethylic alcohol and hydric sulphide, It is very poisonous, and 
has an anaesthetic action similar to bisulphide of carbon, Its properties are probably 
due to CS.j being liberated within the body, 

§ 215. Potassic xanthogenate (CS.>CjH 5 OK) and potassic xanthamylate 
(CS 2 C 5 H u OK) (the latter being prepared by the substitution of amyl alcohol for ethyl 
alcohol), both on the application of a heat below that of the body, develop CS 2 , and 
are poisonous, inducing symptoms very similar to those already detailed, Keid Hunt 
states that the fatal dose of pot, xanthogenate for rodents (mice) lies between 0'4 and 
0'5 grm, per kilo, of body weight ; in non.fatal doses it is antagonistic to nitrates. 


IX,— The Tar Acids — Phenol — Cresol. 

§216, Carbolic Add. Syn. Phenol, Phenol Alcohol, Phenylic 
Hydrate; Phenic Acid; Coal-Tar Creasote. — The formula for carbolic 
acid is C 6 H 4 HO. The pure substance appears at the ordinary tempera- 
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ture as a colourless solid, crystallising in long prisms ; the fusibility of the 
crystals is given variously by different authors : from our own ’ observa- 
tion, the pure crystals melt at 40°-41°, any lower melting-point being 
due to the presence of cresylic acid or other impurity ; the crystals 
again become solid about 15°. Melted carbolic acid forms a colourless 
limpid fluid, sinking in water. It boils under the ordinary pressure at 
182°, and distils without decomposition ; it is very readily and 
completely distilled in a vacuum at about the temperature of 100°. 
After the crystals have been exposed to the air, they absorb water, 
and a hydrate is formed containing 16'07 per cent, of water. The 
hydrate melts at 17°, any greater hydration prevents the crystallisation 
of the acid; a carbolic acid, containing about 27 per cent, of water, 
and probably corresponding to the formula C 6 H 6 0,2H 2 0, is obtained by 
gradually adding water to carbolic acid so long as it continues to be 
dissolved. Such a hydrate dissolves in 11 1 times its measure of water, 
and contains 8'5G per cent, of real carbolic add. Carbolic acid does 
not redden litmus, but produces a greasy stain on paper, disappearing 
on exposure to the air ; it has a peculiar smell, a burning numbing 
taste, and in the fluid state it strongly refracts light. Heated to a high 
temperature it takes fire, and burns with a sooty flame. 

When an aqueous solution of carbolic acid is shaken up with ether, 
benzene, carbon disulphide, or chloroform, it is fully dissolved by the 
solvent, and is thus easily separated from most solutions in which it 
exists in the free state, Petroleum ether, on the other baud, only 
slightly dissolves it in the cold, more on warming. Carbolic acid mixes 
in all proportions with glycerin, glacial or acetic acid, and alcohol. It 
coagulates albumen, the precipitate beiug soluble in an excess of albumen ; 
it also dissolves iodine, without changing its properties. It dissolves 
many resins, and also sulphur, but, on boiling, sulphuretted hydrogen is 
disengaged. Indigo blue is soluble in hot carbolic acid, and may be 
obtained in crystals on cooling, Carbolic acid is contained in castoreum, 
a secretion derived from the beaver, but it has not yet. been detected in 
the vegetable kingdom. The source of carbolic acid is at present 
coal-tar, from which it is obtained by a process of distillation. There 
are, however, a variety of chemical actions in the course of which 
carbolic acid is formed. 

§ 217. The common disinfecting carbolic acid is a dark reddish 
liquid, with a very strong odour ; at present there is very little phenol 
in it ; it is mainly composed of meta- and para-cresol. It is officinal in 
Germany, and there must contain at least 50 per cent, of the pure 
carbolic acid. The pure crystallised carbolic acid is officinal in our own 
and all the Continental pharmacopceias. In the British Pharmacopoeia, 
a solution of carbolic acid in glycerin is officinal ; the proportions are 1 
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part of carbolic acid and 4 parts of glycerin, that is, strength by measure = 

CO per cent. The Pharmacopoeia Germanica has a liquor natri carbolici 
made with. 5 parts carbolic acid, 1 caustic soda, and 4 of water ; strength 
iu carbolic acid = 50 pea' cent. There is also a strongly alkaline crude 
sodic car bo late in use as a preservative of wood. The Privy Council 
order of July 26, 1900, declares that liquid preparation of carbolic acid 
and its homologue containing more than 3 per cent, of phenols shall, 
except in certain cases connected with agriculture and horticulture, be 
declared poisons within the meaning of the Pharmacy Act, 1868. 

There are various disinfecting fluids containing amounts of carbolic 
acid, from 10 percent, upwards. Many of these are somewhat complex 
mixtures, but, as a rule, any poisonous properties they possess are mainly 
due to their content of phenol or cresol, A great variety of disiufecting 
powders, under various names, are also in commerce, deriving their 
activity from carbolic acid. Macdougall’s disinfecting powder is made by 
adding a certain proportion of impure carbolic acid to a calcic sulphite, 
which is prepared by passing sulphur dioxide over ignited limestone. 

Calvert’s carbolic acid powder is made by adding carbolic acid to 
the siliceous residue obtained from the manufacture of aluminic sulphate 
from shale. There are also various carbolates which, by heating or de- 
composing with sulphuric acid, give oil' carbolic acid. 

Carbolic acid soaps are also made on a large scale — the acid is free, 
and some of the soaps contain as much as 10 per cent. In the inferior 
carbolic acid soaps there is little or uo carbolic acid, but cresylic takes 
its place. Neither the soaps nor the powders have hitherto attained 
any toxicological importance, but the alkaline carbolates are very 
poisonous. 

§ 218. The chief uses of carbolic acid are indicated by the foregoing 
enumeration of the principal preparations used in medicine and com- 
merce. The bulk of the carbolic acid manufactured is for the purposes 
of disinfection. It is also utilised in the preparation of certain colouring 
matters or dyes, and during the last few years has had another applica- 
tion in the manufacture of salicylic acid. In medicine it is administered 
occasionally internally, while the antiseptic movement in surgery, 
initiated by Lister, has given it great prominence in surgical operations. 

§ 219. Statistics, — The tar acids, i.e. pure carbolic acid and the 
impure acids sold uuder the name of carbolic acid, but consisting (as 
stated before) mainly of cresol, are, of all powerful poisons, the most 
accessible, and the most recklessly distributed. We find them at the 
bedside of the sick, in back -kitchens, in stables, in public and private 
closets and urinals, and, indeed, in almost all places where there are 
likely to be foul odours or decomposing matters. It is, therefore, no 
wonder that poisoning by carbolic acid has, of late years, assumed large 
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proportions. The acid has become vulgarised, and quite as popularly 
known, as the most common household drugs or chemicals. This 
familiarity is the growth of a very few years, since it was not discovered 
until 1834, and does not seem to have been used by Lister until about 
1863. It was not known to the people generally until much later. At 
present it occupies the highest place in fatality of all poisons in England. 
During the ten years ending 1903 carbolic acid has killed 1959 people, 
either accidentally or suicidally j there are also five cases of murder by 
carbolic acid within the same period, bringing the total up to 1964. 

Falck has collected, since the year 1868, 87 cases of poisoning from 
carbolic acid recorded in medical literature. In one of the cases the 
individual died in nine hours from a large dose of carbolate of soda j in 
a second, violent symptoms were induced by breathing for three hours 
carbolic acid vapour ; in the remaining 85, the poisoning was caused by 
the liquid acid. Of these 85 persons, 7 had taken tire poison with 
suicidal intent, and of the 7, 5 died ; 39 were poisoned through the 
medicinal use of carbolic acid, 27 of the 39 by the antiseptic treatment 
of wounds by carbolic acid dressings, and of these 8 terminated fatally ; 
in 8 cases, symptoms of poisoning followed the rubbing or painting 
of the acid on the skin for the cure of scabies, favns, or psoriasis, and 
6 of these persons died, In 4 cases, carbolic acid enemata, administered 
for the purpose of dislodging ascarides, gave rise to symptoms of 
poisoning, and in one instance death followed. 

The substitution of carbolic acid for medicine happened as follows : — 

Cases, 


Taken instead of Tincture of Opium, ... . 1 

„ ,, Infusion of Senna, . . . .3 

, r ,, Mineral Water, ... .2 

„ „ other Mixtures, ... .3 

„ inwardly instead of applied outwardly, . . 3 


12 

Of these 12, 8 died, 

Again, 10 persons took carbolic acid in mistake for various alcoholic 
drinks, such as schnapps, brandy, rum, or beer, and 9 of the 10 suc- 
cumbed ; 1 7 persons drank carbolic acid simply " by mistake,” and of 
these 13 died. Thus, of the whole 85 eases, no less than 51 ended 
fatally — nearly 60 per cent, 

Tt must be always borne in mind that, with regard to statistics gener- 
ally, the term “ carbolic acid ” is not used by coroners, juries, or 
medical men in a strictly chemical sense, the term being made to include 
disinfecting fluids which are almost wholly composed of the cresols, and 
contain scarcely any phenol, In this article, with regard to symptoms 
and pathological appearances, it is only occasionally possible to state 

12 
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whether the pure medicinal crystalline phenol or a mixture of tar-acids 
was the cause of poisoning. 

§ 220 Fatal Dose, — The minimum fatal dose for cats, dogs, and 
rabbits, appears to be less than '5 grm. per kilogramme. Falck has put 
the minimum lethal dose for man at 15 grms. (231'5 grains), which 
would be about '2 per kilo., basing his estimate on the following reason- 
ing In 33 cases he had a fairly exact record of the amount of acid 
taken and out of the 33, he selects only those cases which are of use 
for the decision of the question. Among adults, in 5 cases Hie dose 
was 30 grms., and all the 5 cases terminated by death, in times 
varying from five minutes to an hour and a half. By other 5 adults 
a dose of 15 grms. was taken; of the 5, 3 men and a woman died, 
in times varying from forty-five minutes to thirty hours, while 1 woman 
recovered. Doses of H'5, 10'8, and 9 grms. were taken by different 
men, and recovered from ; on the other hand, a suicide who took one 
and a half teaspoon ful (about 6 grms.) of the concentrated acid, 
died in fifty minutes. Doses of '3 to 3 grms. have caused symptoms of 
poisoning, but the patients recovered, while higher doses than 15 grms. 
in 12 cases, with only one exception, caused death. Hence, it may be 
considered tolerably well established, that 15 grms. (231 '5 grains) may 
be taken as representing the minimum lethal dose. 

The largest dose from which a person appears to have recovered is 
probably that given in a case recorded by Davidson, in which 150 grms. 
of crude carbolic acid had been taken. It must, however, be remembered 
that, as this was the impure acid, only half of it would be really carbolic 
acid. The German Pharmacopoeia prescribes as a maximum dose '05 
grm. (‘8 grain) of the crystallised acid, and a daily maximum quantity 
given in divided doses of ‘15 grm, (2'3 grains). 

§ 221. Effects on Animals, — Carbolic acid is poisonous to both 
animal and vegetable life, 

Infusoria, — One part of the acid in 10,000 parts of water rapidly 
kills ciliated animalcules — the movements become sluggish, the sarcode 
substance darker, and the cilia in a little time cease moving, 

Fish, — One part of the acid in 7000 of water kills dace, minnows, 
roach, and gold-fish, In this amount of dilution the effect is not ap- 
parent immediately ; but, at the end of a few hours, the movements 
of the fish become sluggish, they frequently rise to the surface to 
breathe, and at the end of twenty-four hours are found dead, Quantities 
of carbolic acid, such as 1 part in 100,000 of water, appear to affect 
the health of fish, and render them more liable to be attacked by the 
fungus growth which is so destructive to fish-life in certain years, 

Frogs, — If -01 to '02 grm, of carbolic acid be dissolved in a litre 
of water in which a frog is placed, there is almost immediately signs of 
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uneasiness in the animal, showing that pain from local contact is 
experienced ; a sleepy condition follows, with exaltation of reflex 
sensibility ; convulsions succeed, generally, though not always ; then 
reflex sensibility is diminished, ultimately vanishes, and death occurs ; 
the muscles and nerves still respond to the electric current, and the heart 
beats, hut slowly and weakly, for a little after the respiration has ceased. 

§ 222. Warm-blooded Animals — Fora rabbit of the average weight 
of 2 kilos., ‘15 grm. is an active dose, and '3 a lethal dose (that is '15 
per kilo.). The sleepy condition of the frog is not noticed, and the chief 
symptoms are clonic convulsions with dilatation of the pupils, the 
convulsions passing into death, without a noticeable paralytic stage. 
The symptoms observed in poisoned dogs are almost precisely similar, 
the dose, according to body weight, being the same. It has, however, 
been noticed that with doses large enough to produce convulsions, a 
weak condition has supervened, causing death in several days. There 
appears to be no cumulative action, since equal toxic doses can be 
given to animals for some time, and the last dose has no greater effect 
than the first or intermediate ones. The pathological appearances met 
with in animals poisoned by the minimum lethal doses referred to are 
not characteristic ; but there is a remarkable retardation of putrefaction. 

Meili * has studied the relative lethal effects on rabbits of pheuol 
and the cresols. Meta-cresol he found less poisonous than phenol, the 
deadly dose being 0'5 grm, per kilo.; phenol, less poisonous than ortho* 
and para-cresol ; and the latter most poisonous of all. 

Karl Tollens,t experimenting on cats, mice, and frogs, gave the follow- 
ing results ; — 


FATAL DOSE IN GRMS. TER KILOGRAMME OF BODY WEIGHT. 



Cats. 

Alice. 

Frocs. 

Plienol, 

0'09 

0'3f> 

O'lO 

Para-cifsol, . 

O'OS 

O' 15 

0T6 

Ortho- „ 

0'09 

0-35 

0'20 

Meta. „ ........ 

0'12 

O' 45 

0 25 

Carbulate ofsixla reckiuii’il in weight rtf' phenol, . 
Cresolate of soda in terms ol'crcsol — 


0'35 

010 

Para.eresol 

. , , 

0T5 

0T5 

Ortho. 


0'35 

0-20 

Meta, ,, .... ... 


0'45 

0 '25 

I. Crude cresul, 


0'35 

0'20 

11 ..... 


0'25 

0-20 

HI. „ „ 


0'20 

0.20 

I, Liq, eresol sapouis in terms of oi-esol, 


0'30 

0T5 1 



0'25 

0'Ifu 

III. J) J) J* T) • 


0'20 

0'15 : 


* Dissertation. Berue, 1891. 

t Archiv, f, experiment. Path, u. Phann,, Bd, lii, S. 239. 
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§ 223. Symptoms in Man, external application. — A 5 per cent, 
solution of carbolic acid, applied to the skin, causes a peculiar numbness, 
followed, it may be, by irritation. Young subjects, and those with 
sensitive skins, sometimes exhibit a pustular eruption, and concentrated 
solutions cause more or less destruction of the skin. Lemaire * describes 
the action of carbolic acid on the skin as causing a slight inflammation, 
with desquamation of the epithelium, followed by a very permanent 
brown stain; but this he alone has observed. Applied to the mucous 
membrane, carbolic acid turns the epithelial covering white ; the 
epithelium, however, is soon thrown off, and the place rapidly heals ; 
there is the same numbing, aconite-like feeling before noticed. The 
vapour of carbolic acid causes redness of the conjunctivse, and irritation 
of the air-passages. If the application is continued, the mucous mem- 
brane swells, whitens, and pours out an abundant secretion. 

Dr. Whitelock, of Greenock, has related two instances in 'which 
children were treated with carbolic acid lotion (strength 2£ per cent.) as 
an application to the scalp for ringworm ; in both, symptoms of poisoning 
occurred — in the one, the symptoms at once appeared ; in the other, 
they were delayed some days. In order to satisfy his mind, the 
experiment was repeated twice, and each time gastric and urinary 
troubles followed. 

Nussbaum, of Munich, records a case f in which symptoms were 
induced by the forcible injection of a solution of carbolic acid into the 
cavity of an abscess. 

Macphail J gives two cases of poisoning by carbolic acid from 
external use. In the one, a large tumour had been removed from a 
woman aged 30, and the wound covered with gauze steeped in a solution 
of carbolic acid, in glycerin, strength 10 per ceut. ; subsequently, there 
was high fever, with diminished sulphates in the urine, which smelt 
strongly of carbolic acid, and was very dark. On substituting boracic 
acid, none of these troubles were observed, The second case was that 
of a servant suffering from axillary abscess ; the wound was syringed 
out with carbolic acid solution, of strength 2J- per cent., when effects 
were produced similar to those in the first case, It was noted that in 
both these cases the pulse was slowed, J. A, Raubenheimer ( Lancet , 
April 18, 1003) describes the case of a child aged 6, prepared for 
operation on genu valgum of both sides, by the nurse, who wrapped the 
legs from the ankles to the groin with towels impregnated with carbolic 
acid (1 : 40) ; in an hour the patient was sleepy, in two hours unconscious, 

* Lemaire, Jul., De VAcide phenique, Paris, 1864. 

t Leitfaden zur antiseptischcr Wundhehandlung, 141, 

+ ‘'Carbolic Acid Poisoning (Surgical),” by S. Rutherford Macphail, M.B, , Ed . 
Med, Journal ccexiv,, Aug, 1881, p, 134. 



2230 


THE TAR ACIDS, 


1 8 1 


cyanosed, and almost pulseless. In six hours the urine showed carboluria, 
which persisted for the next twenty-five hours; the patient, under treat- 
ment, recovered. Scattered throughout surgical and medical literature, 
there are many other cases recorded, though not all so clear as those 
cited. Several cases are also on record in which poisonous symptoms (and 
even death) have resulted from the application of carbolic acid lotion as 
a lemedy for scabies or itch. 

A surgeon prescribed for two joiners who suffered from scabies a 
lotion, which was intended to contain 30 gmis. of carbolic acid in ‘24:0 
c.c. of water ; but the actual contents of the flasks were afterwards from 
analysis estimated by Hoppe-Seyler to be 33'26 grms., and the quantity 
used by each to be equal to 13'37 gnms. (206 grains) of carbolic acid. 
One of the men died ; the survivor described his own symptoms as 
follows: — He and liis companion stood in front of the fire, and rubbed 
the lotiou in ; he rubbed it into his legs, breast, and the front part of 
his body ; the other parts were mutually rubbed. Whilst rubbing his 
right arm, and drying it before the fire, he felt a burning sensation, a 
tightness and giddiness, and mentioned his sensations to his companion, 
who laughed. This condition lasted from five to seven minutes, bnt he 
did not remember whether his companion complained of anything, nor 
did he know what became of him nor liow he himself came to be in bed. 
He was found holding on to tbe joiner's bench, looking with wide staring 
eyes, like a drunken man, and was delirious for half an hour. The 
following night he slept uneasily and complained of headache and 
burning of the skin. The pulse was 68 ; the appearance of tbe urine, 
appetite, and sense of taste were normal ; the bowels confined. He 
sooii recovered, 

The other joiner seems to have died as suddenly as if he had taken 
prussic acid. He called to his mother, “ Ich habe eiuen Haunch,” mid 
died with pale livid face, after taking two deep, short inspirations. 

The post-mortem examination showed the sinuses filled with much 
fluid blood, and the vessels of the pia mater congested. Frothy, dark, 
fluid blood was found in the lungs, which were hyperasmic ; the mucous 
tissues of the epiglottis and air-tubes were reddened, and covered with 
a frothy slime. Both ventricles — the venee eavae and the vessels of the 
spleen and kidneys — were filled with dark fluid blood. The muscles 
were very red ; there was no special odour. Hoppe-Seyler recognised 
carbolic acid in the blood and different organs of the body.* 

In another case, a child died from the outward use of a 2 per cent, 
solution of carbolic acid. It is described as follows : — An infant of 
7 weeks old suffered from varicella, and one of the pustules became 

* R, Kohler, WiLrten. Med, Corr. SI., xlii,, No. 6 t April 1872; H. Abelin, 
Schmidt’s Jahrhiicher, 1877, Bd, clxxiii, B, 163, 
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the centre of an erysipelatous inflammation. To this place a 2 per cent, 
solution of carbolic acid was applied by means of a compress steeped in 
the acid ; the following morning the temperature rose from 36 '5° (97'7° 
F.) to 37° (98'6° F.), and poisonous symptoms appeared. The urine 
was coloured dark. There were sweats, vomitings, and contracted 
pupils, spasmodic twitchings of the eyelids and eyes, with strabismus, 
slow respiration, and, lastly, inability to swallow. Under the influence 
of stimulating remedies the condition temporarily improved, but the 
child died twenty*three aud a half hours after the first application. An 
examination showed that the vessels of the brain and the tissue of the 
lungs were abnormally full of blood. The liver was softer than natural, 
and exhibited a notable yellowishness in the centre of the acini. Some* 
what similar appearances were noticed in the kidneys, the microscopic 
examination of which showed the tubuli contorti enlarged and filled with 
fatty globules. In several places the epithelium was denuded, in other 
places swollen, and with the nuclei very visible. 

In an Americau case,* death followed the application of carbolic 
acid to a wound. A boy had been bitten by a dog, and to the wound, 
at 1 o'clock in the afternoon, a lotion, consisting of nine parts of 
carbolic acid and one of glycerin, was applied. At 7 o’clock in the 
evening the child was unconscious, and died at 1 o’clock the following 
day. 

§ 224, Internal Administration, — Carbolic acid may be taken into 
the system, not alone by the mouth, but by the lungs, as in breathing 
carbolic acid spray or carbolic acid vapour. It is also absorbed by the 
skin when outwardly applied, or in the dressing or the spraying of 
wounds with carbolic acid, Lastly, the ordinary poisonous effects have 
been produced by absorption from the bowel, when administered as an 
enema. When swallowed undiluted, and In a concentrated form, the 
symptoms may be those of early collapse, and speedy death, Hence, 
the course is very similar to that witnessed in poisoning by the mineral 
acids. 

If lethal, but not excessive doses of. the diluted acid are taken, the 
symptoms are — a burniug in the mouth and throat, a peculiarly unpleasant 
persistent taste, aud vomiting, There is faintness with pallor of the 
face, which Is covered by a clammy sweat, and the patient soon becomes 
unconscious, the pulse small and thready, and the pupils sluggish to 
light. The respiration is profoundly affected ; there is dyspnoea, and the 
breathing becomes shallow, Death occurs from paralysis of the respira* 
tory apparatus, and the heart is observed to beat for a little after the 
respiration has ceased, All these symptoms may occur from the applica- 
tion of the acid to the skin or to mucous membranes, and have been 
American Journal of Pharmacy, vol, li. , 4th Ser. ; vol. ix., p. 57, 1879, 
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noticed when solutions of but moderate strength have been used — e.g. 
there are cases in gynaecological practice in which the mucous membrane 
(perhaps eroded) of the uterus has been irrigated with carbolic acid 
injections. Thus, K lister* relates a case in which, four days after con- 
finement, the uterus was washed out with a 2 per cent, solution of 
carbolic acid without evil results. Afterwards a 5 per cent, solution was 
used, but it at once caused violent symptoms of poisoning — the face 
became livid, clonic convulsions came on, and at first loss of conscious- 
ness, which after an hour returned. The patient died on the ninth day. 
There was intense diphtheria of the uterus and vagina. Several other 
similar cases (although not attended with such marked or fatal effects) 
are on record, t 

§ 225. The symptoms of carbolic acid poisoning admit of considerable 
variation from those already described. The condition is occasionally 
that of deep coma. The convulsions may be general, or may affect only 
certain groups of muscles. Convulsive twitchings of the face alone, 
and also muscular twitchings only of the legs, have been noticed. In all 
cases, however, a marked change occurs in the urine. Subissi { has 
noted the occurrence of abortion, both in the pig and the mare, as a 
result of carbolic acid, but this effect has not hitherto been recorded in 
the human subject. 

It has been experimentally shown by Kiister, that previous loss of 
blood, or the presence of septic fever, renders animals more sensitive 
to carbolic acid. It is also said that children are more sensitive than 
adults. 

The course of carbolic acid poisoning is very rapid. In 35 cases 
collected by Falck, in which the period from the taking of the poison to 
the moment of death was accurately noted, the course was as follows ; — 
12 patients died within the first hour, and in the second hour 3 ; so that 
within two hours 15 died. Between the third and the twelfth hour, 10 
died ; between the thirteenth and the twenty-fourth hour, 7 died ; and 
between the twenty-fifth and the sixtieth hour, only 3 died, Therefore, 
slightly over 71 per cent, died within twelve hours, and 91 '4 per cent, 
within the twenty- four hours, 

§ 226, Changes in the Urine, — The urine of patieuts who have 
absorbed in any way carbolic acid is dark in colour, and may smell 

* Centralblcdt f Gynakologie, ii. 14, 1873, 

t A practitioner in Calcutta injected Into the bowd of a boy, aged 5, an enema of 
diluted carbolic acid, which, according to his own statement, was 1 part in 60, and 
the whole quantity represented 144 grains of the acid, The child became insensible 
a few minutes after the operation, and died within four horn's. There was no post- 
mortem examination; the body smelt strongly of carbolic acid, — Lancet , May 19, 
1883. 

+ L’Artkivio tlclla Vcterinaria Ital. , xi., 1874, 
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strongly of the acid. It is now established — chiefly by the experiments 
and observations of Baumann * — that carbolic acid, when introduced into 
the body, is mainly eliminated in the form of phenyl-sulphuric acid, 
C 6 H 5 HS0 4 , or more strictly speaking as potassic phenyl • sulphate, 
C 0 H 5 KSO 4 , a substance which is not precipitated by chloride of barium 
until it has been decomposed by boiling with a mineral acid. Cresol is 
similarly excreted as cresol sulphuric acid, C 6 H 4 CH 3 HS0 4 , ortho-, meta-, 
or para-, according to the kind of cresol injected ; a portion may also 
appear as hydro-tolu-chinone-sulphuric acid. Hence it is that, with doses 
of phenol or cresol continually increasing, the amount of sulphates natur- 
ally in the urine (as estimated by simply acidifying with hydrochloric 
acid, and precipitating in the cold with chloride of barium) continually 
decreases, and may at last vanish, for all the sulphuric acid present is 
united with the phenol. On the other hand, the precipitate obtained by 
prolonged boiling of the strongly acidified urine, after filtering off any 
BaS0 4 thrown down in the cold, is ever increasing. 

Thus, a dog voided urine which contained in 100 c.c., '262 grm. of 
precipitable sulphuric acid, and '006 of organically-combined sulphuric 
acid ; his back was now painted with carbolic acid, and the normal 
proportions were reversed, the precipitable sulphuric acid became 
'004 grm., while the organically-combined was T90 in 100 c.c. In 
addition to phenyl-sulphuric acid, it is now sufficiently established f 

that hydroquinone ^C 6 H 4 q^ (paradihydroxyl phenol) and pyro-cate* 
chin ^C 6 H 4 Qjg-^ (orthodihydroxyl phenol) are constant products of a 

portion of the phenol, The hydroquinone appears in the urine, in the 
first place, as the corresponding ether-sulphuric acid, which is colourless ; 
but a portion of it is set free, and this free hydroquinone (especially in 
alkaline urine) is quickly oxidised to a brownish product, and hence the 
peculiar colour of the urine. Out of dark coloured carbolic acid urine the 
hydroquinone and its products of decomposition can be obtained liy shak- 
ing with ether ; on separation of the ether, an extract is obtained, 
reducing alkaline silver solution, and developing quinone on warming 
with ferric chloride. 

To separate pyro-catechin, 200 c.c, of urine may be evaporated to an 
extract, the extract treated with strong alcohol, the alcoholic liquid 
evaporated, and the extract then treated with ether. On separation and 
evaporation of the ether a yellowish mass is left, from which the pyrO- 
catechin may be extracted by washing with a small quantity of water. 

* Pjiuger's Archiv, xiil, 1876, 289, 

t E, Baumann and C. Preuss, Zeitschrift /. phys, Chemie, iii, 166 ; Anleitung zur 
Barri'Analyse, W, F, Lobisch, Leipzig, 1881, pp, 142 t 160 j Schmiedeberg, Chcm. 
CeidrU, (3), 13, 698. 
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This solution will reduce silver solution in the cold, or, if treated with 
a few drops of ferric chloride solution, show a marked green colour, 
changing on being alkalised by a solution of sodic hydro -carbonate to 
violet, and then on being acidified by acetic acid, changing back again to 
green, According to Thudichum,* the urine of men and dogs, after the 
ingestion of carbolic acid, contains a blue pigment. 

§ 227. The Action of Carbolic Acid considered physiologically. — 
Kesearches on animals have elucidated, in a great measure, the mode in 
which carbolic acid acts, and the general sequence of effects, but there is 
still much to be leamt, 

E, Krister f has shown that the temperature of dogs, when doses of 
carbolic acid in solution are injected subcutaneously, or into the veins, is 
immediately, or very soon after the operation, raised. With small and 
moderate doses, tills effect is but slight — from half to a whole degree — 
on the day after the injection the temperature sinks below the normal 
point, and only slowly becomes again natural. 'With doses that are just 
lethal, first a rise and then a rapid sinking of temperature are observed ; 
but with those excessive doses which speedily kill, tbe temperature at 
once sinks without a preliminary rise. The action on the heart is not 
very marked, but there is always a slowing of the cardiac pulsations ; 
according to Hoppe-Seyler the arteries are relaxed. The respiration is 
much quickened ; this acceleration is due to an excitement of the vagus 
centre, since Salkowsky has showu that section of the vagus produces a 
retardation of the respiratory wave. Direct application of the acid to 
muscles or nerves quickly destroys their excitability without a previous 
stage of excitement. The main cause of the lethal action of carbolic acid 
— putting on one side those cases in which it may kill by its local corro- 
sive action — appears to be paralysis of the respiratory nervous centres. 
The convulsions arise from the spinal cord, On the cessation of the 
convulsions, the superficial nature of the breathing assists other changes 
by preventing the due oxidation of the blood. 

§ 228. Carbolic acid is separated from the body in the forms already 
mentioned, a small portion is also excreted by the skin. Salkowsky 
states that, with rabbits, he has also found oxalic acid in the urine 
as an oxidation product. According to the researches of Binnendijk, j: 
the separation of carbolic acid by the urine commences very quickly 
after its ingestion ; and, under favourable circumstances, it may be com- 
pletely excreted within from twelve to sixteen hours,. It must be 
remembered that normally a small amount of phenol may be present in 
the animal body, as the result of the digestion of albuminous substances 

* On, the Pathology of the Urine, Loud., 1877, p. 198. 

t Archiv f klin. Chiruryie, Bd. xxii, S, 133, 1879. 

+ Jowrnal de Pharmacy; et da Chimie , 4 Ser, T, xxx., 1880. 
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or of their putrefaction. The amount excreted by healthy men when 
feeding on mixed diet, Engel,* by experiment, estimates to be in the 
twenty-four hours 15 mgrms. 

§ 229. Post-mortem Appearances. — No fact is better ascertained 
from experiments on animals than the following : — That with lethal 
dotes of carbolic acid, administered by subcutaneous injection, or intro- 
duced by the veins, no appearances may be found after death which 
can be called at all characteristic. Further, in the cases in which death 
has occurred from the outward application of the acid for the cure of 
scabies, etc, no lesion was ascertained after death which could — apart 
from the history of the case and chemical evidence — with any confidence 
be ascribed to a poison. 

On the other hand, when somewhat large doses of the acid are taken 
by the mouth, very coarse and appreciable changes are produced in the 
upper portion of the alimentary tract There may be brownish, 
w rinkled spots on the cheek or lips ; the mucous membrane of the mouth, 
throat, and gullet is often white, and if the acid was concentrated, 
eroded. The stomach is sometimes thickened, contracted, and blanched, 
a condition well shown in a pathological preparation (ix. 206, 43 /) in 
St. George’s Hospital. The mucous membrane, indeed, may be quite as 
much destroyed as if a mineral acid had been taken. Thus, in Guy’s 
Hospital museum (179 9 40 ), there is preserved the stomach of a child 
who died from taking accidentally carbolic acid. It looks like a piece 
of paper, and is very white, with fawn-coloured spots ; the rugse are 
absent, and the mucous membrane seems to have entirely vanished. 
Not unfrequently the stomach exhibits white spots with roundish edges. 
The duodenum and upper part of the small intestine is often affected (see 
a preparation in St. Bartholomew’s Museum, 1949, e), and the action 
is not always limited to the first part of the intestine. 

The respiratory passages are often inflamed, and the lungs in- 
filtrated aud congested, As death takes place from an asphyxiated 
condition, the veins of the head and brain, and the blood-vessels of the 
liver, kidney, and spleen, are gorged with blood, and the right side of 
the heart distended, while the left is empty. On the other hand, a 
person may die of sudden nervous shock from the ingestion of a large 
quantity of the acid, and in such a case the post-mortem appearances 
will not then exhibit precisely the characters just detailed. Putrefaction 
is retarded according to the dose, and there is often a smell of carbolic 
acid,f If any urine is contained in the bladder, it will probably he 
dark, and present the characters of carbolic urine, detailed atp. 183. 

* Annol . dc Chimieet de Physique , 5 Ser, T, xx. p. 230, 1880. 

t In order to detect this odour, it is well to op® the head first, lest the putic 
faction of the internal viscera beso great as to mask the odour. 
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Tests for Carbolic Acid. 

§ 230. 1. The Pinewood Test,— Certain pinewood gives a beautiful 
blue colour when moistened first with carbolic acid, and afterwards with 
hydrochloric acid, and exposed to the light Some species of pine give 
a blue colour with hydrochloric acid alone, and such must not be used ; 
others do not respond to the test for carbolic acid. Hence it is necessary 
to try the chips of wood first, to see how they act, and with this pre- 
caution the test is very serviceable, and, in cautious hands, no error will 
be made. 

2. Ammonia and Hypochlorite Test. — If to a solution containing 
even so small a quantity as 1 part of carbolic acid in 5000 parts of 
water, first, about a quarter of its volume of ammonia hydrate be added, 
and then a small quantity of sodic hypochlorite solution, avoiding ex- 
cess, a blue colour appears ; warming quickens the reaction : the blue 
is permanent, but turns to red with acids. If there is a smaller 
quantity than the above proportion of acid, tire reaction may be still 
produced feebly after standing for some time. 

3. Ferric Chloride. — One part of phenol in 3000 parts of water can 
be detected by adding a solution of ferric chloride ; a fine violet colour 
is produced, This is also a very good test, when applied to a distillate ; 
but if applied to a complex liquid, the disturbing action of neutral salts 
and other substances may be too great to make the reaction under those 
circumstances of service. 

4. Bromine. — The most satisfactory test of all is treatment of the 
liquid by bromine-water. A precipitate of tri-bromo-phenol (C 0 H 3 Br 8 0) 
is rapidly or slowly formed, according to the strength of the solution ; 
in detecting very minute quantities the precipitate must be given time to 
form. According to Allen,* a solution containing but FX >wo of carbolic 
acid gave the reaction after standing twenty-four hours. 

The properties of the precipitate are as follows : — It is crystalline, 
aud under the microscope is seen to consist of fine stars of needles ; its 
smell is peculiar ; it is insoluble in water and acid liquids, but soluble 
iu alkalies, other, aud absolute alcohol ; a very minute quantity of 
water suffices to precipitate it from an alcoholic solution ; it is therefore 
essential to the success of the test that the watery liquid to be examined 
is either neutral or acid in reaction, 

§ 231. Tri-bromo -phenol may be used for the quantitative estimation 
of carbolic acid; 100 parts of tri-bromo-phenol are equal to 29‘S of 
carbolic acid ; by the action of sodium amalgam, tri-bromo-phenol is 
changed back into carbolic acid. 

* Commercial Organic Analysis , vol, i. p. 30t>. 
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That bromine* water precipitates several volatile and fixed alkaloids 
from their solutions is no objection to the bromine test, for it may be 
applied to a distillation product, the bases having been previously fixed 
by sulphuric acid. Besides, the properties of tn*bronio*phenol are 
distinct enough, and therefore there is no valid objection to the test. 
It is the best hitherto discovered. Thei-e are also other reactions, such 
as that Millon's reagent strikes a red — molybdic acid, in concentrated 
sulphuric acid, a blue— and potassic dichromate, with sulphuric acid, a 
brown colour — but to these there are objections. Again, we have the 
Eucklorine test, in which the procedure is as follows : — A test tube is 
taken, and concentrated hydrochloric acid is allowed to act therein upon 
potassic chlorate. After the gas has been evolved for from 30 to 40 
seconds, the liquid is diluted with !£• volume of water, the gas removed 
by blowing through a tube, and solution of strong ammonia poured in 
so as to form a layer on the top ; after blowing out the white fumes of 
ammonium chloride, a few drops of the sample to be tested are added. 
In the presence of carbolic acid, a rose*red, blood*red, or red-brown tint 
is produced, according to the quantity present. Carbolic acid may be 
confounded with cresol or with creosote, but the distinction between pure 
carbolic acid, pure cresol, and creasote is plain. 

.OH 

§ 232. Cresol (Cresylic Acid, Methyl-phenol), C U H 4 \ , — There 

\ch 3 

are three cresols — ortho*, meta*, and para*. Ordinary commercial cresol 
is a mixture of the three, but contains but little ortho*cresol ; the more 
important properties of the pure cresols are set out in the following 
table: — Pure ortho*, meta', or para* cresol have been obtained by 
synthetical methods ; they cannot be said to be in ordinary commerce, 



Melting* point. 

Boiling* point. 

Converted by fusion 
with Poticsh into— 

Ortho*, . . 

31*31-5° C. 

188*0° 

1 

; Salicylic acid 

(Ortlio.oXybeuzoic j 
acid). 

Meta-, . , 

Fluid at ordinary 
temperature. 

2010° 

Meta'oxybenzoic 

acid, 

Para*, . , 

36° 

198° 

Paru-oxyl>cii»iic acid. 


Commercial cresol is at ordinary temperatures a liquid, aud 
cannot be obtained in a crystalline state by freezing. Its boiling-point 
is from 198° to 203° ; it is almost insoluble in strong ammonia, and, 
when 1 6 volumes are added, it then forms crystalline scales. On the 
other hand, , carbolic acid is soluble in an equal volume of ammonia, 
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and is then precipitated by the addition or 11 volume of water. Cresol 
is insoluble in. small quantities of pure 6 per cent, soda solution ; with 
a large excess, it forms crystalline scales ; while carbolic acid is freely 
soluble iu. small or large quantities of alkaline solutions. 

Cold petroleum spirit dissolves cresol, but no crystalline scales can 
be separated out by a freezing mixture. Carbolic acid, on the contrary, 
is but sparingly soluble in cold petroleum, and a solution of carbolic 
acid in hot petroleum, when exposed to sudden cold produced by a 
freezing mixture, separates out crystals from the upper layer of liquid. 
Cresol is miscible with glycerin of specific gravity 1"258 in all propor- 
tions ; 1 measure of glycerin mixed with 1 measure of cresol is 
completely precipitated by 1 measure of water. Carbolic acid, under 
the same circumstances, is not precipitated. The density of cresol is 
about 1 ‘04 4. It forms with bromine a tri-bromo-cresol, but this is 
liquid at ordinary temperatures, while tri-liromophenol is solid. On 
the other hand, it resembles carbolic acid in its reactions with ferrie 
chloride and with nitric and sulphuric acids. 

§ 233. Creasote or Kreozote is a term applied to the mix tine of crude phenols 
obtained from the distillation of wood-tar. It consists of a mixture of substances 
of which the chief are guaiacol or oxycresol (GjHjO.,), boiling at 200°, and creasol 
(C s H lu O.,), boiling at 217° ; also in small quantities phlorol (C s H 10 O), methyl creasol 
(C’nHj.jO^), and other bodies. Morson’s English creasote is prepared from Stockholm 
tar, and boils at about 21 7% consisting chiefly of creasol ; it is not easy, by mere 
chemical tests, to distinguish creasote from cresylic acid, Creasote, in its reactions 
with sulphuric and nitric acid, bromine and gelatin, is similar to carbolic and 
cresylic acids, and its solubility in most solvents is also similar. It is, however, 
distinguished from the tar acids by its insolubility in Price’s glycerin, specific gravity 
1 *258 , whether 1, 2, or 3 volumes of glycerin be employed, But the best test Is 
its action on an ethereal solution of uitro-cellulosa Creasote mixes freely with the 
i’r.r. coll odium, while cresylic acid or carbolic acid at once coagulates the latter, 
With complicated mixtures containing carbolic acid, cresol, and creasote, the only 
method of applying these tests with advantage is to submit the mixture to fractional 
distillation. 

Fliickiger* tests for small quantities of carbolic acid in creasote, by mixing 
a watery solution of the sample with oue-fourth of its volume of ammonia hydrate, 
wetting the inside of a porcelain dish with this solution, and then carefully blowing 
bromine fiuues on to the surface, A fine blue colour appears if carbolic acid is present, 
but if the sample consists of creasote only, then it is a dirty green or brown. Excess 
of bromine spoils the reaction. t 


* Arch, der Pharmadc, cxiii, p 30, 

f Creosote is, without doubt, poisonous, though but little is known of its action, 
and very few experiments are on record in wldeh pure creasote has been employed. 
Euleuberg has studied the symptoms in rabbits, by submitting them to vaporised 
creasote — i.e. the vapour from 20 drops of creasote diffused through a glass shade 
under which a rabbit was confined, There was at once great uneasiness, with a watery 
discharge from the eyes, and after seven minutes the rabbit fell on its side, and was 
slightly convulsed, The cornea was troubled, and tlic eyes prominent ; a white slime 
flowed from the mouth and eyes. After fifteen minutes there was narcosis, with 
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g 234. Carbolic Acid in Organic Fluids or in the Tissues of the 
Body. — If the routine process given at page 49, where the organic 
fluid is distilled in a vacuum after acidifying with tartaric acid, is 
employed, phenol or cresol, if present, will certainly be found in the 
distillate. If, however, a special search he made for the acids, then the 
fluid must be well acidified with sulphuric acid, and distilled in the 
usual way. The distillation should be continued as long as possible, 
and the distillate shaken up with ether in the apparatus figured at 
page 163. On separation and evaporation of the ether, the tar acids, 
if present, will be left in a pure enough form to show their reactions. The 
same process applies to the tissues, which, in a finely-divided state, are 
boiled and distilled with dilute sulphuric acid, and the distillate treated 
as just detailed. 

Like most poisons, carbolic acid has a selective attraction for certain 
organs, so that, unless all the organs ai'e examined, it is by no means 
indifferent which particular portion is selected for the inquiry. Hoppe- 
Seyler applied carbolic acid to the abdomen and the thighs of dogs, 
and when the symptoms were at their height bled them to death, and 
separately examined the parts. In one case, the blood yielded '00369 
per cent. ; the brain, '0034 percent ; the liver, '00125 ; and the kidneys, 
•00423 per cent, of their weight of carbolic acid. The liver then 
contains only one-third of the quantity found in an equal weight of 
blood, and, therefore, the acid has no selective affinity for that organ. 
On the other hand, the nervous tissue, and especially the kidneys, 
appear to concentrate it, P. G. Menegazzi ( L’orod , xxi., 1898), from 
a poisoned rabbit, failed to extract from the tissues, etc., more than 
29‘2 per cent, of the phenol administered ; which is not surprising, 
seeing the chemical changes it is liable to undergo. 

§ 235. Examination of the Urine for Phenol or Cresol, — It has 
been previously stated (see p. 184) that the urine will not contain these 
as such, but as compounds — viz., phenyl or cresyl sulphate of potassium. 
By boiling with a mineral acid, these compounds may be broken up, 
and the acids obtained, either by distillation or by extraction with ether. 
To detect very minute quantities, a large quantity of the urine should 
be evaporated down to a syrup, (and treated with hydrochloric acid and 

lessened reflex action ; the temperature was almost normal. There was rattling 
breathing, and in half an hour the animal died, the respiratiou ceasing, and 
fluid blood escaping from the nose, Section after death showed the brain to lie 
hyperaemic, tile mucous membranes of the air-passages to be covered with a thin 
layer of fluid blood, and the lungs to be congested ; the right side of the heart was 
gorged with fluid blood. 

The post-mortem appearances and the symptoms generally are, therefore, closely 
allied to those produced by carbolic acid. A dark colour of the urine lias also been 
noticed. 
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ether. On evaporating off the ether, the residue should be distilled 
with dilute sulphuric acid, aud this distillate then tested with bromine- 
water, and the tri-bromo-phenol or cresol collected, identified, and 
weighed. 

Thudichum * has separated crystals of potassic phemyl-sulphate 
itself from the urine of patients treated etidermically by carbolic acid, 
as follows i — 

The urine was evaporated to a syrup, extracted with alcohol of 90 per 
cent., treated with an alcoholic solution of oxalic acid as long as this 
produced a precipitate, and then shaken with an equal volume of ether. 
The mixture was next filtered, neutralised with potassic carbonate, 
evaporated to a small bulk, aud again taken up with alcohol. Some 
oxalate aud carbonate of potassium were separated, and on evaporation 
to a syrup, crystals of potassic phenyl-sulphate were obtained. They 
gave to an analysis 46 25 per cent. H 2 S0 4 , and 18'1 K — theory requiring 
46‘2 of H 2 S0 4 and 18‘4 of K, Alkaline phenyl* sulphates strike a deep 
purple colour with ferric chloride. To estimate the amount of plienyl- 
sulphate or cresol-sulphate in the urine, the normal sulphates may be 
separated by the addition of chloride of barium in the cold, first acidify- 
ing with hydrochloric acid. On boiling the liquid a second crop of 
sulphate is obtained, due to the breaking up of the compound sulphate, 
and from this second weight the amount of acid can be obtained, e.g. in 
the case of phenol — C 6 H ;j HS 0 4 : BaS0 4 : : 174 : 233. 

§ 236, Assay of Disinfectants, Carbolic Acid Powders, etc, — Por the assay of 
crude carbolic acid, Mr. Charles Lowet uses the following process ; — A thousand 
parts of thesample are distilled without any special condensing arrangement ; water 
first comes over, and is then followed by an oily fluid. When a hundred parts of the 
latter, as measured in a graduated tube, have been collected, the receiver is changed. 
The volume of water is read off. If the oily liquid floats on the water, it contains 
light oil of tar ; if it is heavier than the water, it is regarded as hydrated acid, con- 
taining 50 per cent, of real carbolic acid. The next portion consists of anhydrous 
cvesylic and carbolic acids, and 625 volumes are distilled over; the remainder in the 
retort consists wholly of cresylic acid and the higher liomologues. The relative pro- 
portions of carbolic and cresylic acids are approximately determined by taking the 
solidifying point, which should lie between 15 '5° and 24°, and having ascertained 
this temperature, imitating it by making mixtures of kuown proportions of carbolic 
and cresylic acids, 

E, Waller* has recommended the following process for the estimation of carbolic 
acid, It is based on the precipitation of the tar acids by bromine, and, of course, all 
phenols precipitated in this way will be returned as carbolic acid, The solutions 
necessary are — 

1, A solution containing 10 grms, of pure carbolic acid to the litre; this serves 
as a standard solution. 


* Pathology of the Urine , p, 193, 

t Allen’s Commercial Organic Analysis, vol. i. p. 311, 

* Chem, Ncivs, April 1, 1881, p. 152, 
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2. A solution of bromine iu water. 

3. Solution of alum i« dilute sulphuric acid. A litre of 10 per cent, sulphuric 
acid is shaken with alum crystals until saturated. 

The actual process is as follows;— 10 grms. of the sample are weighed out and 

run into a litre flask, water added, and the mixture shaken. The flask being finally 
filled up to the neck, some of the solution is now filtered through a dry filter, anil 
10 0 , 0 . of this nitrate is placed in a 6 or 8 ounce stoppered bottle, and 30 e.c. of the 
alum solution added, In a similar bottle 10 e.c, of the standard solution of carbolio 
acid are placed, and a similar quantity of alum solution is added, as in the first bottle. 

The bromine' water is now rim into the bottle containing the standard solution 
of carbolic acid from a burette, until there is no further precipitate ; the bottle is 
stoppered and shaken after every addition, Towards the end of the reaction the 
precipitate forms hut slowly, and when tlio carbolic acid is saturated, the slight 
excess of bromine' water gives the solution a pale yellow tint, The solution from the 
sample is treated in the same way, and from tlic amount of bromine-water used, tlio 
percentage of the sample is obtained by making tho usual calculations. Thus, sup* 
posiugthat 5 C.c. of the standard required 15 e.c. of tlic bromine-water for precipita* 
tion, and 10 e.c. of the solution of the sample required 17 c.c., tlic enlculatimi would 
be 15 x 2 ; 17= 100 : x per cent. With most samples of crude carbolic add, the pre- 
cipitate does not readily sejairate. It is then best to add a little of the precipitate 
already obtained by testing tlic standard solution, which rapidly clears the liquid. 

Koppeschaar's volumetric method is more exact, but also more elaborate, 
than the one just described. Caustic normal soda is treated with bromine until 
permanently yellow, and the excess of bromine is then driven oil' by boiling. Tlic 
liquid now contains 5NaBr*l-NaBr0 3 , aud on adding this to a solution containing: 
carbolic acid, aud a sufficient quantity of hydrochloric acid to combine with tlio 
sodinm, tlic following reactions occur : — 

(1.) 5NaBr + NiiBrO. ) +6HCl = 6NaCl + 6Br + 3H„0 ; 

and 

(2.) C,|Jl 0 O + 6Br=0 l; H 3 Br 3 0 + 3HBr. 

Any excess of bromine liberated in the. first reaction above that necessary for tho 
second, will exist in the free state, mid from the amount of bromine which romainH 
free the quantity of carbolic acid euu he calculated, always provided tlic strength of 
the bromine solution is first kuow'n. The volumetric part of the aualysis, therefore, 
merely amounts to the determination of froe bromine, which is best found by causing 
it to react on potassium iodide, and ascertaining the amount of free iorlinc by titrn* 
tion with a standard solution of sodinm thiosulphate. Iu other words, titrato in 
this way the standard alkaline bromine solution, using as an indicator starch paste 
until the blue colour disappears. Another method of indicating the end of tho 
reaction is by the use of strips of paper first soaked in starch solution, and dried, aurl 
then the same pa pers moistened with zinc iodide, and again dried; the least excess) 
of bromine sets free iodiue, aud strikes a blue colour, 

Colorimetric Method of Estimation, — A very simple and ever. ready way of 
approximately estimating miuute quantities of the phenols consists iu shaking up 
10 grms, of the sample with water, allowing any tar or insoluble impurities to sub* 
side. Ten e.c, of the clear fluid are then taken, and half a e.e, of a 5 per cent, 
solution of ferric chloride added. The colour produced is imitated by a standard 
solution of carbolic acid, and a similar amount of the reagent, on tlic usual principles 
of colorimetric analysis, 

§237, Carbolic Acid Powders, — Siliceous carbolic acid powders are placed iu u. 
retort and distilled. Towards the end the heat may be raised to approaching red* 
ness, The distillate separates into two portions — the one aqueous, the other eon* 
sisting of the acids — and the volume may be read off", if the distillate be received in 
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a graduated receiver. Carbolic acid powders, having lime as a basis, may be dis' 
tilled in the same way, after first decomposing with sulphuric acid. The estimation 
of the neutral tar oils in the distillate is easily performed by shaking the distillate 
with caustic soda solution, which dissolves completely the tar acids. The volume of 
the oils may be directly read otf if the receiver is a graduated tube Allen* has 
suggested the addition of a known volume of petroleum to the distillate, which dis- 
solves the tar oils, and easily separates, and thus the volume may be more accurately 
determined, a correction being of course made by subtracting the volume of petroleum 
first added. 

§ 238. Carbolic Acid Soap. — A convenient quantity of soap is carefully weighed, 
and dissolved in a solution of caustic soda by means of heat. A saturated solution 
of salt is next added, sufficient to precipitate entirely the soap, which is filtered off ; 
the filtrate is acidified with hydrochloric acid, and bromine. water added. The pre' 
cipitated tii-bromo 'phenol is first melted by heat, then allowed to cool, and the mass 
removed from the liquid, dried, and weighed. 


X. — N itr 0 -Benzene . 

§ 239. — Nitro-benzene is the product resulting from the action of 
strong nitric acid on benzene. Its chemical formula is C 0 H 5 NO 2 . When 
pure, it is of a pale yellow colour, of a density of I -186, and boils at from 
205° to 210°. It may be obtained in prismatic crystals by exposure to 
a temperature of 3°. Its smell is exactly the same as that from the oil 
or essence of bitter almonds ; and it Is from this circumstance, under 
the name of “essence of mirbane,” much used in the preparation of 
perfumes and flavouring agents. 

In commerce there are three kinds of nitro-benzene — the purest, with 
the characters given above ; a heavier nitro-benzene, boiling at 210° to 
220° j and a very heavy variety, boiling at 222° to 235°, The last is 
specially used for the preparation of aniline, or aniline blue. Nitro- 
benzene has been used as an adulterant of bitter almond oil, but the 
detection is easy (see p. 198). Nitro-benzene was first discovered 
by Mitscherlich in 1834, and its poisonous properties were first 
pointed out by Casper f in 1859, Its technical use in perfumes, etc., 
dates from about 1848, and in the twenty-eight years intervening 
between that date and 1876, Jubell { has collected 42 eases of poisoning 
by this agent, 13 of which were fatal. One of these cases was suicidal, 
the rest accidental. 

§ 240. Effects of Poisoning by Nitro-benzene. — Nitro-benzene is a 
very powerful poison, whether taken in the form of vapour or as a liquid. 
The action of the vapour on animals has been studied byEulenbergg 

* Op, eit., 1. p. 310. 

f Viertcljahrsschrift fiir ger, Med,, Bd. xvi, p, 1, 1856. 

J Die Verijiftungen mit Blausaurc ‘U. Nitro-lenzol in forcnsischcv Beziehung , 
Erlangen, 1876, 

§ Gcwcrbe Hygiene, S, 607, Berlin, 1876, 
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and others. One experiment will serve as an. illustration. Fifteen 
grms. of nitro-benzeDe were evaporated on warm sand under a glass 
shade, into which a cat was introduced. There was immediately ob- 
served in the animal much salivation, and quickened and laboured 
breathing. After thirty minutes’ exposure, on removing the shade to 
repeat the dose of 15 grms,, the cat for the moment escaped. On being 
put back there was again noticed the salivation and running' at the eyes, 
with giddiness, and repeated rising and falling. The animal at last, 
about one hour and forty minutes after the first dose, succumbed with 
dyspnoea, and died with progressive paralysis of the respiration. The 
membranes of the brain were found gorged with blood, the lungs liver- 
coloured, the mucous membrane of the trachea — to the finest subdivisions 
of the bronchia — reddened, inflamed, and clothed with a fine frothy 
mucus. The left side of the heart was filled with thick black blood. 
The bladder contained 8 grms. of clear urine, in which aniline was dis- 
covered. There was a notable smell of bitter almonds. 

§ 241. The effects of the vapour on man are somewhat different in 
their details to those just described. In a remarkable case related by 
Dr. Letheby, a man, aged 42, had spilt some nitro-benzene over his 
clothes. He went about several hours breathing an atmosphere of nitro- 
benzene ; he then became drowsy, his expression was stupid, and his gait 
unsteady, presenting all the appearances of intoxication. The stupor 
suddenly deepened into coma, and the man died ; the fatal course being 
altogether about nine hours — viz., four hours before coma, and five 
hours of total insensibility, 

An interesting case of poisoning by the vapour is recorded by Taylor, * 
A woman, aged 30, tasted a liquid used for flavouring pastry, which was 
afterwards chemically identified as pure nitro-benzene. She immediately 
spat it out, finding that it had an acrid taste, and probably did not 
swallow more than a drop. In replacing the bottle, however, she spilt 
about a tablespoonful, and allowed it to remain for some minutes ; it was 
a small room, and the vapour rapidly pervaded it, and caused illness in 
herself as well as in a fellow'servant. She had a strange feeling of 
numbness in the tongue, and in three hours and a quarter after the 
accident was seen by a medical man ; she then presented all the appear- 
ances of prussic acid poisoning. The eyes were bright and glassy, the 
features pale and ghastly, the lips and nails purple as if stained with 
blackberries, the skin clammy, and the pulse feeble ; but the mind was 
then clear, An emetic was administered, but she suddenly became 
unconscious; the emetic acted, and brought up a fluid with an odour of 
nitro-benzene. The stomach-pump was also used, but the liquid obtained 
had scarcely any odour of nitro-benzene. In about eleven hours con- 
* Poisons, Third Edition, p. 665. 
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sciousness returned, and in about seventeen hours she partially recovered 
but complained of flashes of light and strange colours before her eyes. 
Recovery was not complete for weeks. In this case the small quantity 
swallowed would probably of itself have produced no symptoms, and the 
effects are to be mainly ascribed to the breathing of the vapour. 

§ 242, The liquid, when swallowed, acts almost precisely in the same 
way as the vapour, and the symptoms resemble very much those pro- 
duced by prussic acid. The great distinction between prussic acid and 
nitrobenzene poisoning is that, in the latter, there is an interval between 
the taking of the poison and its effects. This is, indeed, one of the 
strangest phenomena of nitro-benzene poisoning, for the person, after 
taking it, may appear perfectly well for periods varying from a quarter 
of an hour to two or three hours, or even longer, and then there may be 
most alarming symptoms, followed by rapid death. Poisoning by nitro- 
benzene satisfies the ideal of the dramatist, who requires, for the purposes 
of his plot, poisons not acting at once, but with an interval sufficiently 
prolonged to admit of lengthy rhapsodies and a complicated denouement. 
On drinking the poison there is a burning taste in the mouth, shortly 
followed by a very striking blueness or purple appearance of the lips, 
tongue, skin, nails, and even the conjunctivee. This curious colour of 
the skin has, in one or two instances, been witnessed an hour before any 
feeling of illness manifested itself ; vomiting then comes on, the vomited 
matter smelling of nitrobenzene. The skin is cold, there is great de- 
pression, and the pulse is small and weak. The respiration is affected, 
the breathiug being slow and irregular, the breath smelling strongly of 
the liquid, and the odour often persisting for days, A further stage Js 
that of loss of consciousness, and this comes on with all the suddenness 
of a fit of apoplexy, The coma is also similar in appearance to apoplectic 
coma, but there have frequently been seen trismus and convulsions of the 
extremities, The pupils are dilated and do not react to light, and reflex 
sensibility is sometimes completely extinguished, Cases vary a little in 
their main features ; in a few the blue skin and the deep sleep are the 
only symptoms noted . Death, for the most part, occurs after a period of 
from eight to twenty-four hours (occasionally as soon as four or five 
hours) after taking the poison. 

From the following remarkable train of symptoms in a dog, it is 
probable, indeed, that nitro-benzene, taken by a human being, might 
produce death, after a rather prolonged period of time, by its secoudary 
effects : — To a half-bred greyhound * were administered 15 grins, of nitro- 
benzene, when shortly after there were noticed much salivation, shiver, 
ing, and muscular twitchings, The same dose was repeated at the end of 
five, of seven, and of eight hours respectively, so that the dog altogether 
* Eulenbevg, Gewerbe Byyienc, S. 607. 
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took 60 grms., but with no other apparent symptom than tie profuse 
salivation. On the following day, the dog voided a tapeworm ; vomit- 
ing supervened ; the heart’s action was quickened, and the breathing 
difficult ; convulsions followed, and the pupils were seen to be dilated. 
For eight days the dog suffered from dyspnoea, quickened pulse, shivering 
of the legs or of the whole body, tetanic spasms, bloody motions, great 
thirst and debility. The temperature gradually sank under 25°, and the 
animal finally died. The autopsy showed, as the most striking change, 
the whole mucous membrane of the intestinal tract covered with a yellow 
layer, which chemical analysis proved to be caused by picric acid, and in 
the urine, liver, and lungs aniline was discovered. 

§ 243. Fatal Dose. — Tt is probable, from recorded cases, that 1 grm. 
(15 '4 grains) would be quite sufficient to kill an adult, and, under 
favourable circumstances, less than that quantity. It would seem that 
spirituous liquids especially hasten and intensify the action of nitro- 
benzene so that a drunken person, cceteris paribus, taking the poison with 
spirits, would be more affected than taking it under other conditions. 

In a case related by Stevenson,* in which so small a quantity as 1 '74 
grm. was taken in seven doses, spread over more than forty-eight hours, 
there were yet extremely alarming symptoms, and the patient seems to 
have had a narrow escape. On the other hand, a woman admitted into the 
General Hospital, Vienna, took 100 grms. (about 3| ozs.) and recovered ; 
on admission she was in a highly cyanotic condition, with small pulse, 
superficial respiration, and dribbling of urine, which contained nitro* 
benzol. Artificial respiration was practised, and camphor injections were 
administered. Under this treatment consciousness was restored, and the 
patient recovered. On the fourth day the urine resembled that of a case 
of cystitis ( Lancet , Jan, 16, 1894). The quantity of nitro-benzene which 
would be fatal, if breathed, is not known with any accuracy. 

* This ease is not uninteresting, Through a mistake in reading an extremely 
illegible prescription, M. S. S., set, 21, was supplied by a druggist with the following 
mixture : — 

5 Benzole-Nit. , 3uj. 

01, Menth, pep., 3ss. 

01, Olivse, Jx, 
gutt, xxx,, t, ds. 

He took on sugar seven doses, each of 20 minims, equalling in all 23 min. (or by 
weight 27 T grains = l'74 grm,) of nitro 'benzene— viz,, three doses on the first day, 
three on the second, and one on the morning of the third day. The first two 
days he was observed to be looking pale and ill, but went on with his work until the 
seventh dose, which he took on the third day at 9 a.m, About 2 r.M. (or six 
hours after taking the seventh dose), he fell down insensible, the body pale blue, 
and with all the symptoms already described in the text, and usually seen in nitro- 
benzene poisoning, With suitable treatment he recovered. The next morning, 
from 8 ounces of urine some nitro. benzene was extracted by shaking with chloroform! 
— Thos, Stevenson, M.D,, in Guy's Hospital Reports, MS., vol, xxi, 1876. 
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§ 244. Pathological Appearances. — The more characteristic appear- 
ances seem to be, a dark brown or even black colour of the blood, which 
coagulates with difficulty (an appearance of the blood that has even been 
noticed during life), venous hypersemia of the brain and its membranes, 
and general venous engorgement. In the stomach, when the fluid has 
been swallowed, the mucous membrane is sometimes reddened diffusely, 
and occasionally shows ecchymoses of a punetiform character. 

§ 245. The essential action of nitrobenzene is of considerable 
physiological interest. The blood is certainly in some way changed, and 
gives the spectrum of acid hsematin.* Filehne has found that the blood 
loses, in a great degree, the power of carrying and imparting oxygen to 
the tissues, and its content of carbon dioxide is also increased. Thus, 
the normal amount of oxygen gas which the arterial blood of a hound 
will give up is 17 percent. ; but in the case of a dog which had been 
poisoned with nitro-benzene, it sank to 1 percent. During the dyspnoea 
from which the dog suffered, the carbon dioxide exhaled was greater 
than the normal amount, and the arterial blood (the natural content of 
which should have been 30 per cent, of this gas) only gave up 9 per- 
cent. Filehne seeks to explain the peculiar colour of the skin by the 
condition of the blood, but the explanation is not altogether satisfactory. 
Some part of the nitro-benzene, without doubt, is reduced to aniline in 
the body — an assertion often made, and as often contradicted — but it has 
been found in too many cases to admit of question. It would also seem 
from the experiment on the dog (p. 196), that a conversion into picric 
acid is not impossible, A yellow colour of the skin and conjunctivse, as 
if picric-acid-stained, has been noticed in men suffering under slow 
poisoning by nitro-benzene. 

§ 246, Detection and Separation of Nitro-benzene from the 
Animal Tissues. — It is evident from the changes which nitro-benzene 
may undergo that the expert, in any case of suspected nitro-benzene 
poisoning, must specially look (1) for nitrobenzene, (2) for aniline, and 
(3) for picric acid. The best general method for the separation of nitro- 
benzene is to shake up the liquid (or finely-divided solid) with light 
benzoline (petroleum ether), which readily dissolves nitro-benzene. On 
evaporation of the petroleum ether, the nitro-benzene is left, perhaps 
mixed with fatty matters. On treating with cold water, the fats rise to 
the surface, and the nitro-benzene sinks to the bottom ; so that by means 
of a separating funnel, the nitro-benzene may be easily removed from 
animal fats. The oily drops, or fine precipitate believed to be nitro- 
benzene, may be dissolved in spirit and reduced to aniline by the use of 
nascent hydrogen, developed from iron filings by hydrochloric acid, and 

* Filehne, W. , “ XJeber die Giftwirkungen des Nitrobenzols,” Arch, far exper, 
Pathol , u, Phartu., ix, 329. 
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the fluid tested with bleaching-powder ; or the aniline itself may be 
recovered hy alkalising the fluid, and shaking up with ether in the 
separation tube (p. 163) ; the ether dissolves the aniline, and leaves it, 
on spontaneous evaporation, as an oily yellowish mass, which, on the 
addition of a few drops of sodic hypochlorite, strikes a blue or violet* 
blue — with acids, a rose*red — and with bromine, a flesh*red. It gives 
alkaloidal reactions with such general reagents as platinum chloride, 
picric acid, etc. Aniline itself may be extracted from the tissues and 
fluids of the body by petroleum ether, but in any special search it will 
be better to treat the organs as in Stas’ process — that is, with stroug 
alcohol, acidified with sulphuric acid. After a suitable digestion in this 
menstruum, filter, and then, after evaporating the alcohol, dissolve the 
alcoholic extract in water ; alkalise the aqueous solution, and extract 
the aniline by shaking it up with light benzoline. On separating the 
benzoline, the aniline will be left, aud may be dissolved in feebly*acid 
water, and the tests before enumerated tried. 

Malpurgo * recommends the following test for nitro*beuzene : — 2 
drops of melted phenol, 3 drops of water, and a fragment of caustic 
potash are boiled in a small porcelain dish, and to the boiling liquid the 
aqueous solution to be tested is added. On prolonged boiling, if nitro- 
benzene is present, a crimson ring is produced at the edges of the 
liquid ; this crimson colour, on the addition of a little bleaching-powder, 
turns emerald-green. 

Oil of bitter almonds may be distinguished from nitro-benzene by 
the action of manganese dioxide and sulphuric acid ; bitter almond oil 
treated in this way loses its odour, nitro-benzene is unaltered. To apply 
the test, the liquid must be heated on the water-bath for a little time. 


XI.— Dinitro-Benzol. 

§ 247. Dinitro-benzol, C 6 H 4 (N0 2 ) 2 (ortho*, meta*, para-).— The ortho- 
compound is produced by the action of nitric acid on benzol, aided by 
heat in the absence of strong sulphuric acid to fix water. Some of the 
para-dinitro-benzol is at the same time produced. The meta-compound 
is obtained by the action of fuming nitric acid on nitro-benzol at a boiling 
temperature. 

The physical properties of the three dinitro-benzols are briefly as 
follows ; — 

Ortho-d. is in the form of needles ; m.p. 118°, 

Meta-d. crystallises in plates ; m.p, 90°, 

* Zeit . anal, Chevi,, xxxii. 235. 
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Para-d. crystallises, like the ortho-compounqyi fn- needles, but the . • z' 

1 ting-point is much higher, 171“ to 172*. 

Just as nrtro-benzol by reduction yields aniline, 'So "doSthe nt.tso-_. O*" - 


benzols on reduction yield ortho-, meta-, or para-phenylene diamines. 

Meta-phenylene diamine is an excellent test for nitrites ; and, since 
the commercial varieties of dinitro-benzol consist either mainly or in part 
of meta-dinitro-beuzol, the toxicological detection is fairly simple, and is 
based upon the conversion of the dinitro-benzol into meta-phenylene- 
diamine. 


Dinitro-benzol is at present largely employed in the manufacture of 
explosives, such as roburite, sicherheit, and others. It has produced 
much illness among the workpeople in manufactories, and amongst 
miners whose duty it has been to handle such explosives. 

§ 248. Effects of Dinitro-benzol. — Huber* finds that if dinitro- 
benzol is given to frogs by the mouth in doses of from 100 to 200 
mgrms., death takes place in a few hours. Doses of from 2-5 to 5 
mgrms. cause general dulness, and ultimately complete paralysis, and 
death iu from one to six days. 

Rabbits are killed by doses of 400 mgrms., in time varying from 
twenty-two hours to four days. 

In a single experiment on a small dog, the weight of which was 
5525 grms., the dog died in six hours after a dose of 600 mgrms. 

It is therefore probable that a dose of 1 00 mgrms. per kilo, would 
kill most warm-blooded animals. 


A transient exposure to dinitro-benzol vapours in man causes serious 
symptoms ; for instance, in one of Huber’s cases, a student of chemistry 
had been engaged for one hour and a half only in preparing dinitro- 
benzol, and soon afterwards his comrades remarked that his face was of 
a deep blue colour. On admission to hospital, on the evening of the 
same day, he complained of slight headache and sleeplessness ; both 
checks, the lips, the muscles of the ear, the mucous membrane of the 
lips and cheeks, and even the tongue, were all of a more or less intense 
blue-grey colour, The pulse was dicrotic, 124 j T. 37 '2°. The next 
morning the pulse was slower, and by the third day the patient had 
recovered. 

Excellent accounts of the effects of dinitro-benzol in roburite factories 
have been published by Dr, Ross t and Professor White,! of Wigan. 
Mr. Simeon Snell § has also published some most interesting cases of 
illness, cases which have been as completely investigated as possible. 


* ‘'Beitrage zur Giftwirknng des Dinitrobenzols," A. Huber, Virchow’s A rchiv, 

Bd, exxvi. S. 240, 1891. 

t Medical Chronicle, 1889, 89. + Practitioner, 1889, ii. 16. 

§ Brit. Me<l, Journ., March 3, 1894. 
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As an example of the symptoms produced, one of Mr. Snell’s cases may 
be here quoted. 

C. F, W., aged 38, consulted Mr. Snell for his defective sight on 
April 9, 1S92. He had been a mixer at a factory for the manufacture 
of explosives. He was jaundiced, the conjunctiva yellow, and the lips 
blue. He was short of breath, and after the day’s work experienced 
aching of the forearms and legs and tingling of the fingers. The urine 
was black in colour, of sp. gr. 1024 ; it was examined spectroscopically 
by Mr. MacMunn, who reported the black colour as due neither to 
indicau, nor to blood, nor bile, but to be caused by some pigment be* 
longing to the aromatic series. The patient’s sight had been failing 
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Diagram of Visual Field. 

since the previous Christmas. Vision in the right eye was Cj, left ; 
both optic papillae were somewhat pale, In each eye there was a central 
scotoma for red, and contraction of the field (see diagram). The man 
gradually gave up the work, and ultimately seems to have recovered. 
It is, however, interesting to note that, after having left the work for 
some weeks, he went back for a single day to the *' mixing,” and was 
taken very ill, being insensible and delirious for five hours. 

§ 249, The Blood in Nitro-benzol Poisoning. — The effect on the 
blood lias been specially studied by Huber.* The blood of rabbits 
poisoned by dinitro-benzol is of a dark chocolate colour, and the micro- 
scope shows destruction of the red corpuscles ; the amount of destruction 
may be gathered from the following : — the blood corpuscles of a rabbit 
before the experiment numbered 5,888,000 per cubic centimetre ; a day 

* Op , tit. 
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after the experiment 4,856,000 ; a day later 1,004,000 ; on the third 
day the rabbit died. 

In one rabbit, although the corpuscles sank to 1,416,000, yet re- 
covery took place. 

Dr. MacMunn* has examined specimens of blood from two of Mr. 
Snell’s patients ; he found a distinct departure from the normal ; the red 
corpuscles were smaller than usual, about 5 or 6 p. in diameter, and the 
appearances were like those seen in pernicious anaemia. Huber, in some 
of his experiments on animals, found a spectroscopic change in the 
blood, viz., certain absorption bauds, one in the red between C and D, 
and two in the green between D and E ; the action of reducing agents 
on this dinitro'benzol blood, as viewed in a spectroscope provided with 
a scale in which C = 48, D = 62, and E = 80'5, was as follows ; — 

Dinitro'Bands. 



Iii Red. 

In Green. 


50-52 

62-66 

70-77 

After NHjSOj, 

53-55 

62-66 

70-77 

.. nh 3 , . 

54-58 

60-65 

70-77 

„ nh 4 so 4 +nh 3 , 

52-55 

60-65 

70-77 


Taking the symptoms as a whole, there has been noted ; — a blue 
colour of the lips, not unfrequently extending over the whole face, and 
even the conjunct! vae have been of a marked blue colour, giving the 
sufferer a strange livid appearance. In other cases there have been 
jaundice, the conjunctivae and the skin generally being yellow, the lips 
blue, Occasionally gastric symptoms are present. Sleeplessness is 
common, and not unfrequently there is some want of muscular co- 
ordination, and the man staggers as if drunk, I 11 more than one case 
there lias been noticed sudden delirium, There is in chronic cases always 
more or less anaemia, and the urine is remarkable in its colour, which 
ranges from a slightly dark hue up to positive blackness. In a large 
proportion of cases there is ophthalmic trouble, the characteristics of 
which (according to Mr. Snell) are “failure of sight, often to a consider- 
able degree, in a more or less equal extent on the two sides ; concentric 
attraction of visual field with, in many cases, a central colour scotoma ; 
enlargement of retinal vessels, especially the veins ; some blurring, 
never extensive, of edges of disc, and a varying degree of pallor of its 
surface — the condition of retinal vessels spoken of being observed in 
workers with the dinitro-beuzol, independently of complaints of defective 
sight. Cesation of work leads to recovery,” 

§ 250. Detection of Dinitro-benzol, — Dinitro-benzol may be detected 
in urine, in blood, and in fluids generally, by the following process : — 
Place tinfoil in the fluid, and add hydrochloric acid to strong acidity ; 

* Op, cit. 
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after allowing the hydrogen to be developed for at leash an hour, make 
the fluid alkaline by caustic soda, and extract with ether in a separating 
tube j auy metaphenylene • diamine will be contained in the ether 
remove the ether into a flask, and distil it off j dissolve the residue in 
a little water. 

Acidify a solution of sodium nitrite with dilute sulphuric acid ; on 
adding the solution, if it contains metaphenylene .diamine, a yellow to 
red colour will be produced, from the formation of Bismarck brown 
(triamido-phenol). 


XII — Hydrocyanic Acid. 

§ 251. Hydrocyanic Acid (hydric cyanide) — specific gravity of liquid 
0-7058 at 18° C., boiling-point 26-5° (80° F.), HCy = 27.— The anhy- 
drous acid is not an article of commerce, and is only met with in the 
laboratory. It is a colourless, transparent liquid, and so extremely vola- 
tile that, if a drop fall on a glass plate, a portion of it freezes. It has a 
very peculiar peach-blossom odour, and is intensely poisonous. It 
reddens litmus freely and transiently, dissolves red oxide of mercury 
freely, forms a white precipitate of argentic cyanide when treated with 
silver nitrate, and responds to the other tests described hereafter. 

§ 252. Medicinal Preparations of Prussic Acid, — The B.P. acid is 
a watery solution of prussic acid ; its specific gravity should be 0'997, 
and it should contain 2 per cent, of the anhydrous acid ; 2 per cent, is 
also the amount specified in the pharmacopoeias of Switzerland and 
Norway, and in that of Borussica (VI, ed.) ; the latter ordains, however, 
a spirituous solution, and the Norwegian an addition of 1 per cent, of 
concentrated sulphuric acid, The French prussic acid is ordered to be 
prepared of a strength equalling 10 per cent. 

The adulterations or impurities of prussic acid are hydrochloric, sul- 
phuric,'*' and formic acids, Traces of silver may be found in the French 
acid, which is prepared from cyanide of silver. Tartaric acid is also 
occasionally present, Hydrochloric acid is most readily detected by 
neutralising with ammonia, and evaporating to dryness in a water-bath ; 
the ammonium cyanide decomposes and volatilises, leaving as a saline 
residue chloride of ammonium. This may easily be identified by the 
precipitate of ehloride of silver, which its solution gives on testing with 
silver nitrate, and the deep brown precipitate with Nessler solution. 
Sulphuric acid is, of course, detected by chloride of barium ; formic acid 
by boiling a small quantity with a little mercuric oxide ; if present, the 

A trace of sulphuric or hydrochloric acid should not be called an adulteration , 
for it greatly assists the preservation, and therefore makes the acid of greater tliera- 
peutic efficiency, 



HYDROCYANIC ACID. 


203 


2 530 


oxide will be reduced, and metallic mercury fall as a grey precipitate. 
Silver, tartaric acid, and any other fixed impurities are detected by 
evaporating the acid to dryness, and examining any residue which may 
be left. It may be well to give the various strengths of the acids of 


commerce in a tabular form : — 

Per cent. 

British Pharmacopoeia, Switzerland, and Bor. (vj), . 2 

France, ..... 10 

Vauquelin’s Acid, . . . , . . 3 '3 

Seheele's ,, . . . . , . 4 to 5 * 

Riner’s 10 

Robiquet's ,, . . . . .50 

Schraeder's ,, . . . . . 1’5 

Duflos’ , r ..... 9 

PfatFs „ .10 

Roller’s , , . . ... . 25 


In English commerce, the analyst will scarcely meet with any acid 
stronger than Soheele’s 5 perceut.f 

Impure oil of bitter almonds contains hydric cyanide in variable 
quantity, from 5 per cent, up to 14 per cent. There is an officinal 
preparation obtained bydigestiug cherry-laurel leaves in water, and then 
distilling a certaiu portion over. Tins Aqua Lauro-cerasi belongs to the 
old school of pharmacy, and is of uncertain strength, but varies from '7 
to I per cent, of HCN. 

§ 253. Poisoning by Prussic Acid, — Irrespective of suicidal or 
criminal poisoning, accidents from prussic acid may occur — 

1. From the use of the cyanides in the arts. 

2. From the somewhat extensive distribution of the acid, or rather 
of prussic-acid -producing substances in the vegetable kingdom. 

1. In the Arts. — The galvanic silvering { and gilding of metals, 
photography, the colouring of black silks, the manufacture of Berlin 
blue, the dyeing of woollen cloth, and in a few other manufacturing 
processes, the alkaline cyanides are used, and not unfrequently fumes of 
prussic acid developed, 

2. In the Animal Kingdom. — One of the myriapods ( Chilor/nathen ) 
contains glands at the roots of the hairs, which secrete prussic acid ; 
when the insect is seized, the poisouows secretion is poured out from the 
so-called foramina repugnatoria, 

3. In the Vegetable Kingdom, — A few plants contain cyanides, and 


* Strength very uncertain, 
t Kahlbaum now lists a 12 per cent, solution, 

+ The preparation used for the silvering of eopper vessels is a solution of cyanide 
of silver in potasslc cyanide, to which is added finely powdered chalk. Manipu- 
lations with this fluid easily develop hydrocyanic acid fumes, which, in one case 
related by Martin ( Aertzl . Intelligenzbl., p, 135, 1872), were powerful enough to 
produce symptoms of poisoning, 
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many contain amygdalin, or bodies formed on the type of amygdalin. I n 
the presence of emulsin (or similar principles) and water, this breaks up 
into prussic acid and other compounds — an interesting reaction usually 
represented thus — 

C 20 H 27 N0 ll + 2H 2 0 CNH + C 7 H c O + 2C 0 H 12 O lj , 

1 equivalent of amygdalin — i.e. 457 parts — yielding 1 equivalent of 
CNH or 27 parts; in other words, 100 parts of amygdalin yield theo- 
retically 5'909 parts of prussic acid,* so that, the amount of either being 
known, the other can be calculated from it. 

Dunstan and Henry f have discovered three glucosides : — 
« dhurrin ” in the young plants of the great millet, Sorghum vulgare ; 
“lotusin” in Lotus arabiens, a legume indigenous to Egypt; and 
“ phaseo-hmatin ” in the beans of the wild Phaseolus lunatus, 

Lotusin, C is H 3l O l(; N, is a maltose-cyan-hydrin, one molecule yielding 
on hydrolysis, 1 molecule of hydric cyanide, 2 of dextrose, and 1 of 
lotoflavin. 

Dhurrin, C l7 H 17 0 7 N, yields on hydrolysis, hydric cyanide, hydroxy- 
benzaldehyde, and dextrose, 

j Phaseo-lumtin, C 10 H l7 O u N, maybe obtained in rosettes of needle-like 
crystals, m.p. 141'0°. Hydrolysis breaks the glucoside up into hydric 
cyanide, acetone, and dextrose, 

C 10 H l7 0 6 N + H 2 0 -> HCN + C 0 H i7 0 6 + (CH 3 ) 2 CO. 

F. B. Power and F, H. LeesJ have isolated from the seeds 
of Gynooardata odoraia a glucoside which they name yynocardin, 
C 18 H 13 0 9 N, on hydrolysis yielding hydric cyanide, dextrose, and an 
acid. 

Many cases of death occurring among cattle fed on immature 
sorghum have been shown by J, C, Brunnich§ to be due to 11 dhurrin. 

Greshoff[[ has discovered an amygdalin-like glucoside in the two 
tropical trees Pygeum parvijlorum and P, latifolium , The same author 
states that the leaves of Gymnema latifolium, one of the Asclepiacls, 
yields to distillation benzaldehyde hydrocyanide. Both Lasia and 
Cyrtosperma, plants belonging to the natural family of the Orontads, 

* According to Liebig and Wohler, 17 grms. of amygdalin yield 1 of pmssic acid 
(i.c. 57 per cent) and 8 of oil of bitter almonds. Thirty-four parts of amygdalin, 
mixed with 66 of emulsin of almonds, give a fluid equalling the strength of acid of 
most pharmacopoeias, viz, , 2 per cent 

+ Proc, Boy, Soc,, lxviii, , 1901 ; lxxii., 1903. 

+ Jour n, Chcm, Soc., lxxxix., 1905. § lb., lxxxtii., 1903. 

II M, GreshofF— "Erster Bericht iiber die Untersuchung von Fflanzenstoffen 
Niederliindiseh-Indiens, " Mitthcilungen aus dem chewisch • pharmakoloyischen 
Laboratorium des botan. Gartens des Staates, vii. , Batavia, 1890, Niederlandisch. 
Dr, GreshofPs research indicates that there are several other cyanide-yielding plants 
than those mentioned in the text. 
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contain in their flowers potassic cyanide, Pangium edule, according to 
Greshoff, contains so much potassic cyanide that he was able to prepare 
a considerable quantity of that salt from one sample of the plant. An 
Indian plant (Hydnocarpus inebrians) also contains a cyanide, and has 
been used for the purpose of destroying fish. Among the Tiliads, 
Greshoff found that Echinocarpus Sigun yielded hydrocyanic acid on 
distillation. Even the common linseed contains a glucoside which 
breaks up into sugar, prussic acid, and a ketone. 

The following plants, with many others, all yield, by appropriate treat' 
ment, more or less prussic acid : — Bitter almonds ( Amygdalus communis ); 
the Amygdalus persica ; the cherry laurel ( Prunns laurocerasus ) ; the 
kernels of the plum (Primus domestica) ; the bark, leaves, flowers, and 
fruit of the wild service-tree (Primus padus) ; the kernels of the common 
cherry and the apple ; the leaves of the Prunus capridda ; the bark of 
the Pr. virginiana ; the flowers and kernels of the Pr. spinosa ; the 
leaves of the Cerasus acida ; the bark and almost all parts of the 
Sorbus aucuparia , S. hybrida, and S. torminalis ; the young twigs of 
the Cratciigus oxyacantha ; the leaves and partly also the flowers 
of the shrubby SpiroecB , such as Spinea aruncus , S. sorbifolia, 
and S. japonica ; * together with the roots of the bitter and sweet 
Cassava. 

In only a few of these, however, has the exact amount of either 
prussic acid or amygdalin been determined ; 1 grm. of bitter almond 
pulp is about equal to 2J mgrms. of anhydrous prussic acid. The 
kernels from the stones of the cherry, according to Geiseler, yield 3 
per cent, of amygdalin ; therefore, I grm. equals 1*7 mgrm. of HCN. 

§ 254, The wild service-tree (Prunus padus) and the cherry-laurel 
(Prunus laurocerasus) contain, not amygdalin but a compound of 
amygdalin with amygdalic acid ; to this has been given the name of 
laurocerasin, It was formerly known as amorphous amygdalin ; its 
formula is OjoH^NOj,! ; 933 parts are equivalent to 27 of hydric cyanide 
— that is, 100 parts equal to 2'89, 

In the bark of the service-tree Lehmann found '7 per cent, of 
laurocerasin (=‘02 HCN), and in the leaves of the cherry-laurel 1'38 
per cent. ( = '039 HCN), 

Francis, f in a research on the prussic acid in cassava root, gives as 
the mean in the sweet cassava '0168 per cent., in the bitter '0275 per 
cent., the maximum in each being respectively 0238 per cent, and 
'0442 percent, The bitter-fresh cassava root has long been known as 
a very dangerous poison ; but the sweet has hitherto been considered 

* The bark and green parts of the Prunus avium, L., Prunus mahalcb, L., and 
herbaceous Spircece yield no prussic acid, 

t 0 On Prussic Acid from Cassava,” Analyst, April 1877, p. 5. 



206 POISONS: THEIR EFFECTS AND DETECTION. [§ 255. 

harmless, although it is evident that it also contains a considerable 
quantity of prussic acid. 

The kernels of the peach contain about 2 '85 per cent, amygdalin 
(='17 HCN); those of the plum '96 per cent. (='056 HCN) ; and 
apple pips '6 per cent. ( = ‘035 per cent. HCN). A. He'bert * has 
found a few milligrammes of HCN in 100 grammes of the young 
shoots of Rihes rubrum ; 0‘04 per cent, in the embryo of the fruit of 
Eriohotrya japonica, and from 0'01 per cent, to 0-001 per cent, in 
various parts of Aquilegia m/lgaris at the commencement of vegetation. 

It is of great practical value to know, even approximately, the 
quantity of prussic acid contained in various fruits, since it has been 
adopted as a defence in criminal cases that the deceased was poisoned 
by prussic acid developed in substances eaten. 

§ 255. Statistics. — Poisoning by the cyanides (prussic acid or 
cyauide of potassium) occupies the third place among poisons in order 
of frequency in this country, and accounts for about 40 deaths 
annually. 

In the ten years ending 1903 there were recorded no less than 536 
cases of accidental, suicidal, or homicidal* poisoning by prussic acid and 
potassic cyanide. The further statistical details may be gathered from 
the following tables : — 


DEATHS IN ENGLAND AND WALES DURING THE TEN YEARS 1894- 
1903 FROM PRUSSIC ACID AND POTASSIC CYANIDE. 


Prussic Acid (Accident 


Prussic Acid (Suicide). 


or Negligence). 


Males, 


272 

Males, 

17 

Females, . 


22 

Females, . 

2 


— 

— 


Total, 

294 

■ Total, 

19 




Cyanide of Potassium (Accident 

Potassium Cyanide (Suicide). 

or Negligence). 


Males, 


166 

Males 

30 

Females, , 


21 

Females, , 

5 


— 

— 


Total, 

187 

Total, 

35 





To these figures must be added 1 case of murder by prussic acid. 

In order to ascertain the proportion in which the various forms of 
commercial cyanides cause death, and also the proportion of accidental, 
suicidal, and criminal deaths from the same cause, Falck collated 
twelve years of statistics from medical literature with the following 
result: — 


Bull, Soc. Cliim., iii. 19, 1898. 
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In 51 cases of cyanide poisoning, 29 were caused by potassic cyanide, 
9 by hydric cyanide, 5 by oil of bitter almonds, 3 by peach stones 
(these 3 were children, and are classed as ‘'domestic,” that is, taking 
the kernels as a food), 3 by bitter almonds (1 of the 3 suicidal and 
followed by death, the other 2 “ domestic ”), 1 by tartaric acid and 
potassic cyanide (a suicidal case, an apothecary), and 1 by ferro.cyanide 
of potassium and tartaric acid. Of the 43 cases first mentioned, 21 
were saicidal, 7 criminal, S domestic, and 7 medicinal ; the 43 patients 
were 24 men, 14 children, and 5 women. 

The cyanides are very rarely used for the purpose of murder : a 
poison which has a strong smell and a perceptible taste, and which 
also kills with a rapidity only equalled by deadly bullet or knife wounds, 
betrays its presence with too many circumstances of a tragic character 
to find favour in the dark and secret schemes of those who desire to 
take life by poison. In 793 poisoning eases of a criminal character in 
France, 4 only were by the cyanides. 

Hydric and potassic cyanides were once the favourite means of 
selfidestruction employed by suicidal photographers, chemists, scientific 
medical men, and others in positions where such means are always at 
hand ; but, of late years, the popular knowledge of poisons has 
increased, and self .poisoning by the cyanides scarcely belongs to a 
particular class, A fair proportion of the deaths are also due to 
accident or unfortunate mistakes, and a still smaller number to the 
immoderate or improper use of cyanide.contaming vegetable products. 

§ 256. Accidental and Criminal Poisoning by Prussic Acid. — The 
poison is almost always taken by the mouth into the stomach, but 
occasionally in other ways — such, for example, as in the case of the 
illustrious chemist, Scheele, who died from inhalation of the vapour of 
the acid which he himself discovered, owing to the breaking of a flask, 
There is also the case related by Tardieu, in which cyanide of potassium 
was introduced under the nails ; and that mentioned by Carriere,* in 
which a woman gave herself, with suicidal intent, an enema containing 
cyanide of potassium, It was been shown by experiments, in which 
every care was taken to render it impossible for the fumes to be 
inhaled, that hydrocyanic acid applied to the eye of warm>blooded 
animals may destroy life in a few minutes, f 

With regard to errors in dispensing, the most tragic case on record 
is that related by Arnold ; l — A pharmaceutist had put in a mixture 

* " Empoisonneinent par le cyanure de potassium,— gu6rison r ” Bullet, general 
de Thdrap., 1869, No, 30. 

t N. Gr4haut, Compt. rend , Soc . Biol. [9], xi, 64, 65, 

% Arnold, A. B, , “Case of Poisoning by the Cyanide of Potassium, Anwr. 
Journ. nf Med. Seien., 1869, 
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for a child potassic cyanide instead of potassic chlorate, and the child 
died after the first dose : the chemist, however, convinced that he had 
made no mistake, to show the harmlessness of the preparation, drank 
some of it, aid there and then died; while Dr. Arnold himself, in* 
eautiouslytasting the draught, fell insensible, and was unconscious for 
six hours. 

§ 257. Fatal Dose. — Notwithstanding the great number of persona 
who ia eveiy civilised country fall victims to the cyanides, it is yet 
somewhat doubtful what is the minimum dose likely to kill an adult 
healthy man. The explanation of this uncertainty is to be sought 
mainly in the varying strength of commercial prussic acid, which 
varies from 1*5 (Schraeder’s) to 50 per cent. (Robiquet’s), and also in 
the vaiying condition of the person taking the poison, more especially 
whether the stomach be full or empty. In by far the greater number, 
the dose taken has been much beyond that necessary to produce death, 
but this observation is true of most poisonings. 

The dictum of Taylor, that a quantity of commercial prussic acid, 
equivalent to 1 English grain (65 mgrm.) of the anhydrous acid, would, 
under ordinary circumstances, be sufficient to destroy adult life, has 
been generally accepted by all toxicologists. The minimum lethal dose 
of potassic cyanide is similarly put at 2-41 grains ('157 grm.). As to 
bitter almonds, if it be considered that as a mean they contain 2’5 per 
cent, of amygdalin, then it would take 45 grms., or about 80 almonds, 
to produce a lethal dose for an adult ; with children less — in fact, 4 to 
6 bitter almonds are said to have produced poisoning in a child. 

§ 258. Action of Hydric and Potassic Cyanides on Living Organisms. 
— Both hydric cyanide and potassic cyanide are poisonous to all living 
forms, vegetable or animal, with the exception of certain fungi. The 
cold *blooded animals take a larger relative dose than the warm*blooded, 
and the mammalia are somewhat more sensitive to the poisonous action 
of the cyanides than birds ; but all are destroyed in a very similar 
manner, and without any essential difference of action. The symptoms 
produced by hydric and potassic cyanide are identical, and, as regards 
general symptoms, what is true as to the one is also true as to the other. 
There is, however, one important difference in the action of these two 
substances, if the mere local action is considered, for potassic cyanide is 
very alkaline, possessing even caustic properties. For instance, the 
gastric mucous membrane of a woman, who had taken- an excessive dose 
of potassic cyanide on an empty stomach, was so inflamed and swollen, 
that its state was similar to that induced by a moderate quantity of 
solutiou of potash, On the other hand, the acid properties of hydric 
cyanide are very feeble, and its effect on mucous membranes or on the 
skin in no way resembles that of the mineral acids. 
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It attacks the animal system in two ways : the one, .a profound 
interference with the ordinary metabolic changes ; the other, a paralysis 
of the nervous centres. Schbnbein discovered that it affected the blood 
corpuscles in a peculiar way ; normal blood decomposes with great ease 
.hydrogen peroxide into oxygen and water. If to normal venous blood 
a little peroxide of hydrogen be added, the blood at once becomes bright 
red ; but if a trace of prussic acid be present, it is of a dark brown 
colour. The blood corpuscles, therefore, lose their power of conveying 
oxygen to all parts of the system, and the phenomena of asphyxia are 
produced. Geppert * has proved that this is really the case by showing, 
in a series of researches, that, under the action of hydric cyanide, less 
oxygen is taken up, and less carbon dioxide formed than normal, even if 
the percentage of oxygen in the atmosphere breathed is artificially 
increased. The deficiency of oxygen is in part due to the fact that 
substances like lactic acid, the products of incomplete combustion, are 
formed instead of C0 2 . 

At the same time the protoplasm of the tissues is paralysed, and 
uuable to take up the loosely bound oxygen presented. This explains a 
striking symptom which has been noticed by many observers, that is, if 
hydrocyanic acid be injected into an animal, the venous blood becomes 
of a bright red colour ; in warm-blooded animals this bright colour is 
transitory, but in cold-blooded animals, in which the oxidation process is 
slower, the blood remains bright red. 

§ 258a. Effect of Prussic Acid on lower Organisms. — In 1 to 
430 dilution prussic acid annihilates the function of Drosera . In 1 per 
1000 infusoria soon die, algae live longer, In a certain .degree of dilution 
yeast-cells-are paralysed but not killed, for on removal to a nutrient 
n'uicITfree from the acid, their activity is resumed, 

§ 259, Symptoms observed in Animals. — The main differences 
between the symptoms induced in cold-blooded and warm-blooded 
animals, by a fatal dose of hydric cyanide, are as follows ; — 

The respiration in frogs is at first somewhat dyspnoeic, then much 
slowed, and at length it ceases, The heart, at first slowed, later contracts 
irregularly, and at length gradually stops' ; but it may continue to beat 
for several minutes after the respiration has ceased. But all these 
progressive symptoms are without convulsion, Among warm-blooded 
animals, on the contrary, convulsions are constant, and the sequence of 
the symptoms appears to be — dyspnoea, slowing of the pulse, giddiness, 
falling down, then convulsions with expulsion of the urine and faeces; 
dilatation of the pupils, exophthalmus, and finally cessation of the pulse 
and breathing. The convulsions also frequently pass into general 

* Geppert, Ucber das JVesen der CNH-Vei'gift mit cincr Tafel, Berlin, 1889; 
Sep.'Abdr, aus Ztsdhr,f, klili, Med,, Bd, xv. 
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paralysis, with loss of reflex movements, weak, infrequent breathing, 
irregular, quick, and very frequent pulse, and considerable diminution 
of temperature. 

The commencement of the symptoms in animals is extremely rapid, 
the rapidity varying according to the dose and concentration of the acid. 
It was formerly thought that the death from a large dose of the con- 
centrated acid followed far more quickly than could be accounted for 
by the blood carrying the poison to the nervous centres j but Blake was 
among the first to point out that this doubt was not supported by facts 
carefully observed, since there is always a sufficient interval between the 
entry of the poison into the body and the first symptoms, to support the 
theory that the poison is absorbed in the usual manner. Even when 
Preyer injected a cubic centimetre of 60 per cent, acid into the jugular 
vein of a rabbit, twenty-nine seconds elapsed before the symptoms 
commenced. Besides, we have direct experiments showing that the acid 
— when applied to wounds in limbs, the vessels of which are tied, while 
the free nervous communication is left open — only acts when the ligature 
is removed. Magendie describes, in his usual graphic manner, how he 
killed a dog by injecting into the jugular vein prussic acid, and "the 
dog died instantly , as if struck by a cannon ball," but it is probable that 
the interval of time was not accurately noted. A few seconds pass very 
rapidly, and might be occupied even by slowly pressing the piston of 
the syringe down, and in the absence of accurate measurements, it is 
surprising how comparatively long intervals of time are unconsciously 
shortened by the mind, In any case, this observation by Magendie has 
not been confirmed by the accurate tests of the more recent experi- 
menters ; and it is universally acknowledged that, although with strong 
doses of hydric cyanide injected into the circulation — or, in other words, 
introduced into the system — in the most favourable conditions for its 
speediest action, death occurs with appalling suddenness, yet that it 
takes a time sufficiently long to admit of explanation in the manner 
suggested, This has forensic importance, which will be again alluded 
to, Experiments ou animals show that a large dose of a dilute acid 
kills quite as quickly as an equivalent dose of a stronger acid, and in 
some cases it even seems to act more rapidly. If the death does not 
take place within a few minutes, life may be prolonged for hours, and 
even, in rare cases, days, and yet the result be death, Coullon poisoned 
a dog with prussic acid ; it lived for nineteen days, and then died ; but 
this is quite an exceptional case, and when the fatal issue is prolonged 
beyond an hour, the chance of recovery is considerable. 

§ 260, The length of time dogs poisoned by fatal doses survive, gener- 
ally varies from two to fifteen minutes. The symptoms are convulsions, 
insensibility of the cornea, cessation of respiration, and, finally, the heart 
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stops — the heart continuing to beat several minutes after the cessation 
of the respirations.'*' When the dose is short of a fatal one, the 
symptoms are as follows : — Evident giddiness and distress ; the tongue 
is protruded, the breath is taken in short, hurried gasps, there is saliva- 
tion, and convulsions rapidly set in, preceded, it maybe, by a cry. The 
convulsions pass into paralysis and insensibility, After remaining in 
this state some time, the animal again wakes up, as it were, very often 
howls, and is again convulsed ; finally, it sinks into a deep sleep, and 
wakes up well. 

Preyer noticed a striking difference in the symptoms after section of 
the vagus in animals, which varied according to whether the poison was 
administered by the lungs, or subcutaneously. Iu the first case, if the 
dose is small, the respirations are diminished in frequency ; then this is 
followed by normal breathing ; if the dose is larger, there is an increase 
in the frequency of the respirations. Lastly, if a very large quantity is 
introduced into the lungs, death quickly follows, with respirations 
diminished in frequency. On the other hand, when the poison is 
injected subcutaneously, small doses have no influence on the breathing ; 
but with large doses, there is an increase in the frequency of the respira- 
tions, which sink again below the normal standard. 

§ 261. Symptoms in Man. — When a fatal but not excessive dose of 
either potassic or hydric cyanide is taken, the sequence of symptoms is 
as follows : — Salivation, with a feeling of constriction in the throat, 
nausea, and occasionally vomiting. After a few minutes a peculiar con- 
stricting pain in the chest is felt, and the breathing is distinctly affected. 
Giddiness and confusion of sight rapidly set in, and the person falls to 
the ground in convulsions similar to those of epilepsy. The convulsions 
are either general, or attacking only certain groups of muscles ; there is 
often true trismus, and the jaws are so firmly closed that nothing will 
part them. The respiration is peculiar — the inspiration is short, the 
expiration prolonged,! and between, the two there is a long interval, ever 
becoming more protracted as death is imminent. The skin is pale, or 
blue, or greyish-blue ; the eyes are glassy and staring, with dilated 
pupils ; the mouth is covered with foam, and the breath smells of the 
poison ; the pulse, at first quick and small, sinks in a little while in 
frequency, and at length cannot be felt. Involuntary evacuation of 
feces, urine, and semen is often observed, and occasionally there has 
been vomiting, and a portion of the vomit has been aspirated into the 

* N. Gnihaut, Compt. Rend,, t, cix, pp, 502, 503, 

t In a case quoted by Seidel (Maschka’s Sandbuch, p. 321), a man, 36 years of 
age, four or five minutes after swallowing 150 mgi'ms. anhydrous HCN in spirits, lay 
apparently lifeless, without pulse or breathing, After a few minutes was noticed an 
extraordinary deep expiration, by which the ribs were drawn in almost to the spine, 
and the chest made quite hollow, 
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air-passages. Finally, the convulsions pass into paralysis, abolition of 
reflex sonsibility, and gradual ceasing of the respiration. With large 
doses these different stages may occur, but the course is so rapid that 
they are merged the one into the other, aud are undistinguishable. The 
shortest time between the takiug of the acid and the commencement of 
the symptoms may be put at about ten seconds. If, however, a large 
amount of the vapour is inhaled at once, this period may be rather 
lessened. The interval of time is so short that any witnesses generally 
unintentionally exaggerate, and aver that the effects were witnessed 
before the swallowing of the liquid — “As the cup was at his lips” — 
“He had hardly drunk it,” eta There is probably a short interval of 
consciousness, then come giddiness, and, it may be, a cry for assistance ; 
and lastly, there is a falling down in convulsions, and a speedy death. 
Convulsions are not always present, the victim occasionally appears to 
sink lifeless at once. Thus, in a case related by Hufeland, a man was 
seen to swallow a quantity of acid, equivalent to 40 grains of the pure 
acid— that is, about forty times more than sufficient to kill him. He 
staggered a few paces, and then fell dead, without sound or convulsion. 

§ 262. The very short interval that may thus intervene between the 
taking of a dose of prussic acid and loss of consciousness, may be utilised 
by the sufferer in doing various acts, and thus this interval becomes of 
immense medico-legal importance. The question is simply this : — What 
can be done by a person in full possession of his faculties in ten seconds 1 
We have found from experiment that, after drinking a liquid from a 
bottle, the bottle may be corked, the individual can get into bed, and 
arrange the bedclothes in a suitable manner; he may also throw the 
bottle away, or out of the window ; and, indeed, with practice, in that 
short time a number of rapid and complicated acts may be performed, 
This is borne out both by experiments on animals and by recorded 
cases. 

In Mr. Nunneley’s numerous experiments on dogs, one of the 
animals, after taking poison, “ went down three or four steps of the 
stairs, saw that the door at the bottom was closed, an<4 came back again.” 
A second went down, came up, and went again down the steps of a long 
winding staircase, and a third retained sufficient vigour to jump over 
another dog, and then leap across the top of a staircase, 

In a remarkable case related by Dr. Guy,'*' in which a young man, 
after drinking more wine than usual, was seized by a sudden impulse to 
take prussic acid, and drank about 2 drachms, producing symptoms 
which, had it not been for prompt treatment, would, in all probability, 
have ended fatally — the interval is again noteworthy. After taking the 
poison in bed, he rose, walked round the foot of a chest of drawers, 
* Forensic Medicine , 4th ed. , p, 615. 
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standing within a few yards of the bedside, placed the stopper firmly 
in the bottle, and then walked back to bed with the intention of getting 
into it ; but here a giddiness seized him, and he sat down on. the edge, 
and became insensible. 

A case related by Taylor is still stronger. A woman, after swallowing 
a fatal dose of essence of almonds, went to a well in the yard, drew 
water, and drank a considerable quantity. She then ascended two 
flights of stairs and called her child, again descended a flight of stairs, 
fell on her bed, and died within half an hour from the taking of the 
poison. 

Nevertheless, these cases and similar ones are exceptional, and only 
show what is possible, not what is usual, the rule being that after fatal 
doses no voluntary act of significance — save, it may be, a cry for assist- 
ance — is performed.* 

Symptoms of poisoning by prussic acid produced from eating 
substances containing the cyanide glucosides may occur, and death 
result hours after the ingestion of such substances, as illustrated by the 
following interestiug cases described by Dr. A. Robertson and A. J. 
Wynne, f 

In March 1905 a steamer brought to Rotterdam a cargo of “ kratok ” 
beans ( Phaseolus luuatus) for the purpose of feeding cattle. A workman 
(Baris) employed iu unloading took some of the beans and gave some 
to a family named Yan Oostende, Sunday, March 11, 12.30. Baris ate 
some of the beans which had been boiled ; in the eveuing he felt unwell, 
became faint, had convulsions, and died about eleven hours after the meal. 
The Van Oostende family, six in number, four children and two adults, 
partook of the beans about 12 uoon of the same day ; all became ill 
three hours afterwards ; three of the children died, the rest recovered. 
The beans had been softened by soaking in warm water and salt and had 
then been boiled ; the three children who died had no diarrhoea, those 
who recovered had diarrhoea 

The unboiled beans yielded about 0 '21 per cent, HCN ; from the boiled 
beans only traces of HCN could be obtained save by incubating for twenty- 
four hours in neutral solution with emulsin, then 0'09 per cent, of HCN 
was obtained; from the intestines of the three children 3‘ 9, 4'9, 
and 6'7 mgrms, of HCN were separated. 

§ 263, Chronic poisoning by hydric cyanide is said to occur 
among photographers, gilders, and those who are engaged daily in the 
preparation or handling of either hydric or potassic cyanides. The 

* Dr. J, Autal, a Hungarian chemist, states that cobalt nitrate is an efficacious 
antidote to poisoning by either HCN or KCN. The brief interval between thetakiug 
of a -fatal dose and death can, however, be rarely utilised.— Lttncci, Jan. 16, 1894. 

t Zeit. /. anal. Cfunnie, 1905, 
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symptoms are those of feeble poisoning, headache, giddiness, noises in 
the ears, difficult respiration, pain over the heart, a feeling of con- 
striction in the throat, loss of appetite, nausea, obstinate constipation , 
full pulse, with pallor and offensive breath, Koritschoner * has made 
some observations on patients who were made to breathe at intervals, 
during many weeks, prussic acid vapour, with the idea that such a 
treatment would destroy the tubercle bacilli. Twenty-five per cent, of 
those treated in this way suffered from redness of the pharynx, saliva- 
tion, headache, nausea, vomiting, slow pulse, and even albuminuria, 

§ 264. Post-mortem Appearances.! — If we for the moment leave 
out of consideration any changes which may be seen in the stomach 
after doses of potassic cyanide, then it may be affirmed that the 
pathological changes produced by hydric and potassic cyanides mainly 
coincide with those produced by suffocation. The most striking 
appearance is the presence of bright red spots; these bright red 
spots or patches are confined to the surface of the body, the blood 
in the deeper parts being of the ordinary venous hue, unless, indeed, 
an enormous dose has been taken ; in that case the whole mass of 
blood may be bright red ; this bright colour is due, according to 
Robert, to the formation of cyanmethsemoglobin. The lungs and 
right heart are full of blood, and there is a backward engorgement 
produced by the pulmonic block. The veins of the neck and the 
vessels of the head generally are full of blood, and, iu like manner, 
the liver and kidneys are congested. In the mucous membrane of 
the bronchial tubes there is a bloody foam, the lungs are gorged, and 
often osdematous in portions ; ecchymoses are seen in the pleura and 
other serous membranes •; and everywhere, unless concealed by putre - 
faction or some strong-smelling ethereal oil, there is an odour of hydric 
cyanide. 

Casper has rightly recommended the head to be opened and 
examined first) so as to detect the odour, if present, in the brain. 
The abdominal and chest cavities usually possess a putrefactive smell, 
but the brain is longer conserved, so that, if this course be adopted, 
there is a greater probability of detecting the odour. 

The stomach in poisoning by hydric cyanide is not inflamed, but 
if alcohol has been taken at the same time, or previously, there may be 
more or less redness, 

In poisoning by potassic cyanide, the appearances are mainly the 

* Wiener lclin. Woch,, 1891, 1 

t Hydric cyanide has, according to C, Brame, a remarkable antiseptic action, 
and if administered in sufficient quantity to animals, preserves them after death for 
a month. He considers that there is some more or less definite combination with, 
the tissues, 
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same as those just detailed, with, it may be, the addition of caustic 
local action. There may, however, be, as in the case of a gentleman who 
drank accidentally a considerable dose of potassic cyanide just after 
a full meal, not the slightest trace of any redness, still less of corrosion. 
Here the contents of the stomach protected the mucous membrane, or 
possibly the larger amount of acid poured out during digestion suffi- 
ciently neutralised the alkali. Potassic cyanide, in very strong solu- 
tion, may cause erosions of the lips, and the caustic effect may be 
traced in the month, throat, gullet, to the stomach and duodenum ; 
but this is unusual, and the local effects are, as a rule, confined to the 
stomach and duodenum. The mucous membrane is coloured blood- 
red, reacts strongly alkaline,* is swollen, and it may be even ulcerated. 
The upper layers of the epithelium are also often dyed with the 
colouring-matter of the blood, which has been dissolved out by the 
cyanide. This last change is a post-mortem effect, and can be imitated 
by digesting the mucous membrane of a healthy stomach in a solution 
of cyanide. The inteusity of these changes is, of course, entirely 
dependent on the dose and emptiness of the stomach. If the dose is 
so small as just to destroy life, there may be but little redness or 
swelling of .the stomach, although empty at the time of taking the 
poison. In those cases in which there has been vomiting, and a part 

of the vomit has been drawn into the air-passages, there maybe also 

inflammatory changes in the larynx, If essence of almonds has been 
swallowed, the same slight inflammation may be seen which has been 
observed with other essential oils, but no erosion, no strong alkaline 
reaction, nor anything approaching the effects of the caustic cyanide. 

Iu poisoning by bitter almonds no inflammatory change in the 
mucous membrane of the coats of the stomach would be anticipated, 

yet in one recorded case there seems to have been an eroded and 

inflamed patch, 

§ 265, Tests for Hydrocyanic Acid and Cyanide of Potassium. — 
(1) The addition of silver nitrate to a solution containing prussic acid, 
or a soluble cyanide, f produces a precipitate of argentic cyanide. 100 
parts of argentic cyanide are composed of 80' 60 Ag and 19'1 CN, 

* The following case came under the seuiot author’s own observation : — A stout 
woman, 35 years of age, the wife of a French polisher, drank, in a fit of rage, a solu- 
tion of cyanido of potassium. It was estimated that about 15 grains of the solid sub- 
stance were swallowed. She died within an hour. Tlic face was flushed, the body not 
decomposed ; the mouth smelt strongly of cyanide ; the stomach had about an ounce 
of bloody fluid in it, and was in a most intense state of congestion. There was com- 
mencing fatty degeneration of the liver, the kidneys were flabby, and the capsule 
adherent. The contents of the stomach showed cyanide of potassium, and the blood 
was very fluid. The woman was known to be of intemperate habits. 

t In the case of testing in this way for the alkaline cyanides, the solution must 
contain a little free nitric acid. 
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equivalent to 201 HCN. It is a white anhydrous precipitate, soluble 
either in ammonia or in a solution of cyanide of potassium. It is 
soluble in hot dilute nitric acid, but separates on cooling. A particle 
of silver cyanide, moistened with strong ammonia, develops -needles ; 
silver chloride treated similarly, octahedral crystals. It is insoluble 
in water, Upon ignition it is decomposed into CN and metallic silver, 
mixed with a little paracyanide of silver. 

A very neat process for the identification of cyanide of silver is the 
following : — Place the perfectly dry cyanide in a closed or sealed tube, 
containing a few crystals of iodine. On heating slightly, iodide of 
cyanogen is sublimed in beautiful needles, These crystals again may 
be dissolved in a dilute solution of potash, a little ferrous sulphate 
added, and hydrochloric acid, and in this way Prussian blue produced. 
If the quantity to be tested is small, the vapour of the acid may be 
evolved in a very short test tube, the mouth of which is closed by the 
ordinary thin discs of microscopic glass, the under surface of which is 
moistened with a solution of nitrate of sil v er ; the resulting crystals 
of silver cyanide are very characteristic, and readily identified by the 
microscope. 

(2) If, instead of silver nitrate, the disc be moistened with a soht- 
tionof sulphate of iron (to which has been added a little potash), and 
exposed to the vapour a short time, aud then some dilute hydrochloric 
acid added, the moistened surface first becomes yellow, then green, lastly, 
and permanently, blue. No other blue compound of iron (with the 
exception of Prussian blue) is insoluble in dilute hydrochloric acid. 

(3) A third, and perhaps the most delicate of all, is the so-called 
sulphur test, A yellow sulphide of ammonium, containing free sulphur, 
is prepared by saturating ammonia by SH 2 , first suspending in the fluid 
a little finely-precipitated sulphur (or an old, ill-preserved solution of 
sulphide of ammonium may be used). Two watch-glasses are now taken ; 
in the one the fluid containing prussic acid is put, and the second (pre- 
viously moistened with the sulphide of ammonium described) is inverted 
over it. The glasses are conveniently placed fora few minutes in the 
water-oven j the upper one is then removed, the moist surface evaporated 
to dryness in the water-bath, a little water added, and then a small 
drop of solution of chloride of iron, If hydrocyanic acid is present, 
the sulplxocyanide of iron will be formed of a striking blood-red colour, 

(4) The reaction usually called Schonbein’s, or Pagenstecher and 
Schonbein’s* (but long know'iqf and used before the publication of their 

* Ncues Itepert, dePharm,, xviii, 356, 

t This reaction (with tincture of guaiaeum and copper) has been long known. 

I remember a pharmaceutist, who attended my father's laboratory, showing me 
this test in 1828 or 1829.”— Mohr’s Toxicologie, p. 92. 
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paper), consists of guaiacum paper, moistened, with a very dilute solution 
of sulphate of copper (1 : 2000). This becomes blue if exposed to the 
vapour of hydrocyanic acid. Unfortunately, the same reaction is pro* 
dneed by ammonia, ozone, nitric acid, hypochlorous acid, iodine, bromine, 
chromate of potash, and other oxidising agents, so that its usefulness is 
greatly restricted. 

(5) A very delicate test for prussic acid is as follows : — About one- 
half ecntigrm, of ammonia, ferrous sulphate (or other pure ferrous 
.salt), and the same quantity of uranic nitrate, are dissolved in 50 c.c. of 
water, and I c.c, of this test liquid is placed in a porcelain dish. O 11 
now adding a drop of a liquid containing the smallest quantity of 
prussic acid, a grey-purple colour, or a distinct purple precipitate is 
produced.* 

(0) A hot solution of potassic cyanide, mixed with picric acid, 
assumes a ldood-rcd colour, due to the formation of picro-cyanic acid, 
lb'cc 11. ON" does not give this reaction, and therefore must first be 
neutralised by an alkali, 

(7) Schbnbein’s Test. — To a few drops of defibrinated ox* blood are 
added a few drops of tire carefully-neutralised distillate supposed to 
contain prussic acid, and then a little neutral peroxide of hydrogen is 
added, If tiro distillate contains no prussic acid, then the mixture 
bowlines of a bright pure red and froths strongly ; if, on the other hand, 
a trace of prussic acid be present, the liquid becomes brown and does not 
froth, or only slightly does so. 

(K) Robert’s Test. — A 1-4 per cent, solution of blood, to which 
u truce of ferrideyanide of potassium is added, is prepared, and the 
neutralised distillate added to this solution. If hydric cyanide be 
present, then tiro liquid becomes of a bright red colour, and, examined 
spectroscopically, instead of the spectrum of methsemoglobin, will be 
seen the spectrum of cyanmcthoomoglobin, Robert proposes to examine 
the blond of the poisoned, for the purpose of diagnosis, during life. A 
drop of blood from a healthy person, and a drop of blood from the 
patic-nb arc examined side by side, according to the process just given. 

(9) An extremely delicate test has been suggested by I'. Weehuixen 
(kilt*., 1905, i. 1191). To the solution supposed to contain HCN 
is added an alkaline solution of plionolplithalin and weak copper sulphate 
solution (1 : 2000) ; if HCN is present, phenolphthalin is oxidised in the 
cold to phcnolph thalein and the liquid turns red ; it is said to be sensitive 
even if 1 part of HCN is diluted up to 500,000 parts. 

§ 200. Separation of Hydric Cyanide or Potassic Cyanide from 
Organic Matters, such as the Contents of the Stomach, etc— It is 

* JVX. Carey Lea, Anier, Join'll, of Science [3], ix, pp. 121—123 ; J. C. Society., 
vol. i. p. 112, 187G, 
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very necessary, before specially searching for hydric cyanide in the 
contents of the stomach, to be able to say, by careful and methodical 
examination, whether there are or are not any fragments of bitter 
almonds, of apples, peaches, or other substance likely to produce hydric 
cyanide. If potassic cyanide has been taken, simple distillation will 
always reveal its presence, because it is found partly decomposed into 
hydric cyanide by the action of the gastric acids. Nevertheless, an acid 
should always be added, and if, as in the routine process given at p. 51, 
there is reasonable doubt for suspecting that there will be no cyanide 
present, it will be best to add tartaric acid (for this organic acid will in 
no way interfere with subsequent operations), and distil, as recommended, 
in a vacuum. If, however, from the odour and from the history of the 
case, it is pretty sure to be a case of poisoning by hydric or potassic 
cyanide, then the substances, if fluid, are at once placed in a retort or 
flask, and acidified with a suitable quantity of sulphuric acid, or if the 
tissues or other solid matters are under examination, they are finely 
divided, or pulped, and distilled, after acidifying with sulphuric acid as 
before.* It may be well here, as a caution, to remark that the analyst 
must not commit the unpardonable error of first producing a cyanide 
by reagents acting on animal matters, and then detecting as a poison 
the cyanide thus manufactured. If, for example, a healthy liver is 
carbonised by nitric acid, saturated with potash, and then burnt up, 
cyanide of potassium is always one of the products ; and, indeed, the 
ashes of a great variety of nitrogenous organic substances may contain 
cyanides — cyanides not preexisting, but manufactured by combination, 
By the action of nitric acid even on sugar,! hydric cyanide is produced. 

The old method of distillation was to distil by the gentle heat of a 
water-bath, receiving the distillate in a little weak potash water, and not 
prolonging the process beyond a few hours. The experiments of Sokoloff, 
however, throw a grave doubt on the suitability of tins simple method 
for quantitative results. 

N, Sokoloff t recommends the animal substances to be treated by 
water strongly acidified with hydric sulphate, and then to be distilled in 
the water-bath for from two to three days ; or to be distilled for twenty- 
four hours, by the aid of an oil-bath, at a high temperature. He gives 
the following example of quantitative analysis by the old process of 
merely distilling for a few hours, and by the new : — 

Old Process, — (I) Body of a hound — age, 2 years; weight, 5180 
grms. ; dose administered, 57 mgrms, HCN ; death in fifteen minutes. 

* Domenico Ganassini. ( Bull , de Soc, mal, chir, de Pavia , 29) prefers in all 
cases tartaric as the acidifying acid, 

t Chemical Nevis, lxviii. p, 75. 

+ Bar. d , deutsch, chem, Gescllsch , , Berlin, ix. p. 1023. 
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After five (lays there was found in the saliva 0'6 mgrm,, stomach 3 "2 
ingnns., in the rest of the intestines 2'6 mgrms., in the muscles 4 ' 1, — 
total, 1 0-f3. 

(2) Weight of body, 4000 grms. ■ dose given, 38 mgrms. ; death in 
eleven minutes. After fifteen days, in the saliva 0'8, in the stomach 
7'2, in the rest of the iutestines 2-2, in the muscles 3'2, — total, 13'4. 

New Process, — Weight of body, 5700 gi-ms. ; dose, 57 mgrms. ; 
dontli in twenty-four minutes. After fifteen days, in the saliva l'l 
ingini., in the stomach 2'6, in the rest of the intestines 9'6, in the 
muscles 31'9, and in the whole, 45'2 mgrms. Duration of process, 
thirteen hours. 

Krona a second houud, weighing 6800 grms. ; dose, 67 mgrms. ; 25 '1 
mgrms. were separated three days after death. 

From a third hound, weighing 5920 grms. ; dose, 98 mgrms. ; after 
forty days, by distillation on a sand-bath, there were separated 2-8 
mgrms. from tlic saliva, 4'8 from the stomach, 16'8 from the intes’tines, 
23 ‘6 from the muscles, — total, 48 mgrms 

It would also appear tliat lie has separated 51'2 mgrms. of anhydrous 
acid from the corpse of a dog which had been poisoned by 57 mgrms. of 
acid, mid ini ried sixty days.* 

From another canine corpse, three days laid in an oveu, and left 
for twenty-seven days at the ordinary temperature, 5*1 mgrms. were 
recovered out of a fatal dose of 38 mgrms. 

The estimation was iu each case performed by titrating the distillate 
witli argentic nitrate, the sulphur compounds having been previously 
got rid of by saturating the distillate with KHO, and precipitatiug by 
lead acetate. 

Ycnturoli f has, on the contrary, got good quantitative results with- 
out distillation at all. A current of pure hydrogen gas is passed through 
the liquid to be tested and the gas finally made to bubble through silver 
nitrate. lie states that the whole of the liydric cyanide present is 
carried over 1 iu an hour. Metallic cyanides must be decomposed by 
sulphuric acid or tartaric acid. Mercury cyanide must be decomposed 
with fill ir, the solution acidified with tartaric acid, neutralised with 
freshly precipitated calcic carbonate to fix any fen'o- or ferri-cyanides 
present, and hydrogen passed in and the issuing gases led first through 
a solution of bismuth nitrato to remove SH a and then into the silver 
solution. 

§ 267. How long after Death can Hydric or Potassic Cyanides be 
Detected? — Sokolpff appears to have separated prussic acid from the 

* Without wishing to discredit the statements of M. Sokolpff, we may poiut out 
that a loss of ha.li-u. dozen lugmis. only appears rather extraordinary. 

f L’Urvsi, xv. 85-88. 
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body of hounds at very long periods after death— in one case sixty days. 
Drageudorff recognised pot&ssic cyanide in the stomach of a honnd after 
it had been four weeks in his laboratory,* * * § and in man eight days after 
burial. Casper also, in his 211th case, states that more than 1 8 mgrais. 
of anhydrous prussic acid were obtained from a corpse eight days after 
death. f Dr. E. Tillner 1 has recognised potassic cyanide in a corpse fo ur 
months after death. Lastly, Struve § put 300 gnns. of flesh, 400 of 
common water, and 2'378 of KCyin a flask, and then opened the flask 
after 547 days. The detection was easy, and the estimation agreed with 
the amount placed there at first. So that, even in very advanced stages 
of putrefaction, and at periods after death extending beyond many 
months, the detection of prussic acid cannot be pronounced impossible. 

§ 268. Estimation of Hydrocyanic Acid or Potassic Cyanide. — In 
all cases, the readiest method of estimating prussic acid (whether it be 
in the distillate from organic substances or in aqueous solution) is bo 
saturate it with soda or potash, and titrate the alkaline cyanide thus 
formed with nitrate of silver. The process is based on the fact that 
there is first formed a soluble compound (KCy, AgCy), which the 
slightest excess of silver breaks up, and the insoluble cyanide is at once 
precipitated. If grains are used, 17 grains of nitrate of silver are 
dissolved in water, the solution made up to exactly 1000 grain measures, 
each grain measure equalling '0054 grain of anhydrous hydrocyanic acid. 
If grammes are employed, the strength of the nitrate of silver solution 
should be 1-7 gnu. to the litre ; each c.c. then = '0054 hydrocyanic acid , 
or '01302 grm. of potassic cyanide. 

Essential oil of bitter almonds may also be titrated in this way, 
provided it is diluted with sufficient spirit to prevent turbidity from, 
separation of the essential oil. If hydrocyanic acid is determined gravi- 
metrically (which is sometimes convenient, when only a single estimation 
is to be made), it is precipitated as cyanide of silver, the characters of 
which have been already described. 

g 269. Case of Poisoning by Bitter Almonds,— Instances of poisoning by bitter 
almonds are very rare. Tlie following interesting case is lecorded by Maselika ; — 

A muiebservant, 31 years of age, after a quarrel with her lover, ate a quantity of 
bitter almonds, In a few minutes shesighed, complained of being ttuwel 1 and faint; 
she vomited twice, and, after about ten minutes more had elapsed, fell seuseless and 
was convulsed. An hour afterwards, a physician found hex' insensible— tlie eyes rolled 
upwards, the thumb clenched within the shut fists, and the breathing rattling, the 
pulse very slow, She died within an hour and a half from the first symptoms. 

Theautopsy showed the oigans generally healthy, but all, save the liver, exhaling 
a lain t smell of bitter almonds. The right side of the heart was full of fluid dark 

* Drageudorff, G., Beitr. zur gcric/it. Ohm., p. 59. 

t Cas}ier’s Pract. Havdbvch de r gcricUlichert, Mcdicin, p. 561. 

t Vierte/jahr. /, genclM. Med. , Berlin, 1881, p. 193, 

§ Zcitschrift f anal. Chcuic , vun Treseuius, xii, p, 4, 1873, 
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blood, the left was empty. Both luugs were rich in blood, which smelt of prussic 
acid. The stomach was not inflamed — it held 250 grins, of a yellow fluid, containing 
white flocks smelling of bitter almond oil. In the most dependent portion of the 
stomach there was a swollen patch of inncons membrane, partially denuded of 
epithelium. The mucous membrane of the duodenum was also swollen and slightly 
red. The contents of the stomach were acid, and yielded, on distillation, hydride of 
ben xole and hydrie cyanide. Residues of the almonds themselves were also found, 
anil the whole quantity taken by the woman from various data was calculated to be 
1200 grains of bitter almonds, equal to 43 grains of amygdalin, or 2'5 grains of pnre 
hydrie cyanide. 


Poisonous Cyanides other than Hydrie and Potassie Cyanides. 

§ 270. The action of both sodic and amnionic cyanides is precisely similar to that 
of potassie cyanide. With regard to aiumonie cyanide, there areseveral experiments 
by Eulonhevg,* showing that its vapour is iutensely poisonous. 

A weak stream of ammonic cyanide vapour was passed into glass shades, under 
which pigeons were confined. After a minute, symptoms of distress commenced, then 
followed convulsions and speedy death. The jioshmortem signs were similar to those 
ju'oducod by prussic aeid, and this substance was separated from the liver and lungs. 

§ 271. With regard to t\\c.dauttc cyanides, all those are poisonous from whichhydric 
cyanide can be separated through dilute acids, while those which, like potassie ferro. 
cyanide, do not admit of this decomposition, may often be taken with impunity, and 
arc only poisonous under certain conditions. 

Sqnnonselidn records" the death of a colourist, after he had taken a dose of potassie 
form. cyanide and then one of tartaric aeid ; and Volz describes the death of a man, 
who took iiotassic ferro. cyanide aud afterwards equal parts of nitric and hydrochloric 
acids. In this latter case, death took place within the hour, with all the symptoms 
of poisoning by liydric cyanide; so that it is not entirely true, as most textbooks 
dcnlurc, tliat ferro. cyanide is in no degree poisonous. Carbon dioxide will decom. 
pose potassie forro.cyanidc at 72°-74°, potass ferrous cyanide being precipitated — 
Ki,Fc.,(CN) (l . A similar action takes place if feiro.cyanide is mixed with a solution 
of peptone and casein, and digested at blood-heat t (from 37° to 40° C.), so that it is 
believed than when ferro. cyanide is swallowed HCN is liberated, but the quantity 
is usually so small at any given moment that no injury is caused: but there are 
conditions in which it may kill speedily.:! 

Mercuricjcyanide, it has been often said, acts precisely like mercuric chloride 
(corrosive sublimate), and a poisonous action is attributed to it not traceable to 

* Gcwcrbc Hyyieiw, p, 385, t Antcurieth, Arch. Pharrn ., ccxxxi. 99-109. 

X Theprcsauee of forro.eyanide is easily detected. The liquid is, if necessary, 
filtered aud then acidified with hydrochloric acid and a few drops of ferric chloride 
added; if the liquid contains feifo.cyanide, there is immediate production of Prus. 
siau blue. It may happen that potassie or sodic cyanide has been taken as well as 
ferro. cyanide, aud it will be necessary then to devise a process by which only tko 
prussic acid from the simple cyanide Is distilled over. According to Autenrieth, if 
sodium hydroearboriate is added to the liquid in sufficient quantity aud the liquid 
distilled, the hydrie cyanide that comes over is derived wholly from the sodium or 
potassium cyanide, Should mercury cyanide and ferro. cyauide be taken together, 
then this process requires modification; bicarbonate of soda is added as before, and 
then a few c.e. of water saturated with hydrie sulphide ; under these circum- 
stances, only the hydrie cyanide derived from the mcrein-y cyanide distils over. 
If the bicarbonate of soda is omitted, the distillate contains hydrie cyanide derived 
from the ferrO'Cyanide, 
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cyanogen ; but this is erroneous teaching. Bernard * * * § declares that it is dcconr* 
posed by the gastric juice, and hydrie cyanide set free ; while Pelikau puts it in 
the sane series as amnionic and potassie cyanides. Lastly, Tolmatscheff,t by direct 
experiment, has found its action to resemble closely that of hydrie cyanide. + 

Silver cyanide acts, according to the experiments of Nunneley, also like hydrie 
cyauide, but very much weaker. 

Hydrie sulphocyanide in very large doses is poisonous. 

Potassie sulphocyanide, according to Dubrenil and Legros, § if subcutaneously 
injected, causes first local paralysis of the muscles, and later, convulsions. 

Cyanogen chloride (CNC1) and also the compound (C 3 N ;i Cl 3 ) — the one a liquid, 
boiling at 15°, the other a solid, which may be obtained in crystals — are both 
poisonous, acting like hydrie cyanide. 

Cyanogen iodide (CNI), according to Kobert, is four times weaker than pmssin 
acid, but it is a powerful poison for unicellular organisms. The nitriles have but 
slight toxic action. Acetooiitrile is a good medium for bacterial growth. The iso* 
nitriles, on the contrary, are powerful poisons. 

Methyl cyanide is a liquid obtained by distillation of a mixture of calcic methyl 
sulphate aud potassie cyanide. It boils at 77°, and is intensely poisonous. Eillen ' 
berg It has made several experiments on pigeons with this substance. One example 
will suffice: — A youug pigeon was placed under a glass shade, into which methyl 
cyanide vapour, developed from calcic methyl sulphate and potassie cyanide, was 
admitted. The pigeon immediately became restless, and the faeces were expelled. 
In forty seconds it was slightly convulsed, and was removed after a few minutes’ 
exposure The pupils were then observed not to be dilated, but the respiration had 
ceased ; the legs w«e feebly twitching ; the heart still beat, but irregularly ; a turhbl 
white fluid dropped out of tie beak, aud after six miuutes life was extinct. 

The pathological appearances were as follows : — Iu the beak much watery fluid ; 
the membranes covering the brain weakly injected ; the plexus venosus spiunlis 
strongly Injected; in the region of the cervical vertebra a small extravasation 
between the dura mater and the bone ; the right lung of a clear cherry* red colour, 
and the left lung partly of the same colour ; the parenchyma presented the same hue 
as the surface ; on section of the lungs a whitish froth exuded from the cut surface. 
Tu the cellular tissue of the trachea, there were extravasations 5 mm. iu diameter ; 
the mucous membrane of the air-passages was pale; the right ventricle and the loft 
auricle of the heart were filled with coagulated and fluid dark red blood ; liver aud 
kidueys normal ; the blood dark red and very fluid, becoming bright cherry* red on 
exposure to the air ; blood corpuscles unchanged, Cyanogen was separated, ami 
identified from the lungs and the liver, 

Cyanuric acid (C 3 0 3 N 3 H 3 ), one of the decomposition products obtained from urea, 
is poisonous, the symptoms and pathological effects closely resembling those due tu 
hydrie cyanide. In experiments on animals, there has been no difficulty in detecting 
prussic acid in the lungs and liver after poisoning by cyanuric acid, 

Reid H until has determined the toxic dose of many nitriles when subcutaneously 

* Substances Toxines, pp, 66-103, 

t "Einige Bemerkungen fiber die Wirkung von Cyanquecksilber,” iu Hoppe* 
Seyler’s Med, Cheiu. Untersnchungcn, 2 Heft, p, 279, 

X Mercury cyanide may be detected in a liquid after acidifying with tartaric acid, 
and adding a few c, c, of SH 3 water and then distilling, S, Lopes suggests another 
process : the liquid is acidified with tartaric acid, ammonium chloride added iu 
excess, and the liquid is -distilled, A double chloride of ammonium and mercury is 
formed, andHCN distils over with the/steam,— J, Pharm,, xxvii. 550-553, 

§ Compt, Rend,, t, lxiv, p, 561, 1867, jj Gcwerbc Hygiene, p. 392, 

t Arch, Inter, de Pharn, et de Plulrapie, xii,, 1904. 
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injected into mica The nitriles were either dissolved in water or in diluted alcohol. 
The results may be seen from the following table 




Molecular weight- 

Fatal dose in rugrs. per 
gramme animal. 

Fatal dose compared 
with HON taken as I. 

Fatal dose in terms of 
molecular weight taking 
HCN as I. 

Prussic acid , 

HCN 

27 

0'005 

1 

! 

1 1 

Aceto nitrile , 

CH 3 CN 

41 

07 

140 

92-2 , 

Formal eyanhydriue 

CH.,(OH)CN 

57 

0-015 

3 

1'42 I 

Chloral eyanhydriue 

CCi. l CH(OH)CN 

188 ‘5 

0-023 

4-6 

0-66 1 

Benzo nitrile . 

C. 6 H.,CN 

103 

0-18 

36 

9'5 | 

Benzyl nitrile 

0 e H 5 0H,CN 

117 

0-032 

6-4 

1-47 ! 

Mandelie nitrile 

C(;H 4 CH(OH)CN 

133 

0-023 

4*6 

0'93 ; 

Diethylamlnoaceto nitrile 
hydrochloride . 

yCN 

OH/ 

X N(C 2 H j ) 2 HC1 

148 '5 

0-031 

6 

l 

1*09 


CN 





Diethylaminoaceto nitrile 
iodo methylate . 

/ 

CHo CH, 

\ / 
X N(C 2 H 5 ). 3 

254 

0-25 

50 

5-31 


X 1 






yCN 





Diethylamino'lactie nitrile 

ch 3 Ch 

126 

0-022 

4'4 

0'94 


X N(C 2 H 5 ). i 






CN 





Diethylamino'iaetie nitrile 
iodo methylate . 

ch 3 ch ch 2 

\ / 

266 

0-4 

80 

81 


X N(G 2 H 5 )j 






X 1 





Plienylaminoaceto nitrile 

/CN 





ch 2 

132 

0-055 

11 

2-25 


x nhc 6 h 5 





Tolylaminoaceto nitrile 
(ortlio-) 

C 0 H 4 (CH 3 )NHCH 2 CN(o) 

l‘y 

0-091 

18-2 

3-36 

Tolylaminoaceto nitrile 






(metaO 


146 

0-1 

20-0 

37 

CN 





Diethylamino - phenyh 
aceto nitrile . 

/ 

0 0 HjCH 

X N(C 2 H e ) 2 

188 

0-025 

5 

0 73 


CN 






/ 





Piporidoaceto nitrile 

ch 2 

124 

0-058 

11-6 

2-52 


x nc 4 h 10 





Sodium nitro prusside • , 

Fe(CN) 5 (NO)Na 2 + 2HO s 

298 

0-012 

2'4 

0-217 
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He ascribes the toxic properties of these nitriles to the splitting off of HCN . 
The different stability of the compounds, the ease with which they are absorbed and 
excreted, and the variations in distribution in the body, account for the differences in 
toxicity that they exhibit. 

The same author has made experiments on the antagonistic action of certain 
thiosulphates and other sulplio compounds when injected a short time before the 
nitrile. The results of a few of these experiments may be seen from the following 
table,, the figures indicating how many fatal doses of the nitrile have been neutral * 
ised by the sulplio compound. 




10 

U3 . 
CO *3 

£ S 
cs'S 
jL , 

m u 
O tf) 
JE i-, 

_ » 

2 to 

•§ 3 

CO 

81 
<x> 5 

J? 

P< Z 
*r io 

M — 

O ai 

f l 

lo 

•3 OO 
COO 

Tliialdin in 20 per cent, 
alcohol 0*14 mgr. per grm. 
animal. 

Tliialdin in 16 per cent- 
acetone 0*14 mgr. per grm. 
nuimal. 

Alcohol 20 per cent. 0*014 
c.c. per grm. animal. 

Isobuty] Sulplioliydratein 
65 per cent, alcohol 0-125 
mgr. per grm. animal. 

Alcoliol 55 percent. U*125 
c.c. per grm. animal. 

<3> 

P. 

co et 

w 2 
b*= 
a 5 

*5 
e3 £ 
2 to 
o 

c5 

o 

Pot Ethylxantlwte 0-25 
mgr. per grm. animal. 

Prussic add . . . 

HCN 

IS 


2-4 

2*4 

O 

0 


2 

1*4 

1 Acetonitrile . . . 

CHjCN 

2 

... 

? 

0 

002 c.c. 
4*3 

... 


0 

4*3 

i Formal eyanhydrine 

CH^OHJCN 

19 

about 8 

2*6 

33 

2*C 

3 

less 
than 2 
1*3 

3-3 

2-5 

V Chloral eyanhydrine 

Ca 3 CH(OH)CN 

2*7 


ca*3 

less 
than 2 

? 

1*3 

1*4 

1*3 

Benzo nitrile . . . 

CftHjsCN 

0 

... 

0 

... 

... 

... 

, . . 

0 

O 

. Benzyl nitrile . . 

CoH 5 CH.jCN 

2-6 

less 
than 2 

1*7 


17 

? 


? 

2 

I Mandelic nitrile . . 

CoH 5 CH(OH)CN 

2 -S 


2*4 

2*2 

0 

? 


2 

2'2 


XIII.— Phosphorus. 

§ 272. Phosphorus. — Atomic weight 31, specific gravity I'82 to 
I'840. Phosphorus melts at from 44‘4° to 44 '5° to a pale yellow oily 
fluid. Tlie boiling-point is about 290°, 

The phosphorus of commerce is usually preserved under water in 
the form of waxy, semi-transparent sticks ; if exposed to the air white 
fumes are given off, luminous in the dark, with a peculiar onion-like 
odour. On heating phosphorus it readily inflames, burning with a very- 
white flame. 

At 0° phosphorus is brittle ; the same quality may be imparted to 
it by a mere trace of sulphur, Phosphorus maybe obtained in dodeca- 
hedral crystals by slowly cooling large melted masses. It may also be 
obtained crystalline by evaporating a solution in bisulphide of carbon, or 
hot naphtha in a current of carbon dioxide. It is but little soluble in 
water. Julius Hartmann * found in some experiments that 100 grms. of 
water digested with phosphorus for sixty- four hours at 38 '5° dissolved. 
■000127 grm, He also investigated the solvent action of bile, and 
* Zur aeuten Phosphor . Vergiftung, Dorpat, 1866. 


Thialdin hydrochloride 
mgr. per grm. animal. 
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found that 100 grins. of bile under the same conditions dissolved 
'02424 grm., and that the solubility of phosphorus rose both in water 
and bile when the temperature was increased. Phosphorus is somewhat 
soluble in alcohol and ether, and also, to some extent, in fatty and 
ethereal oils ; but the best solvent is carbon disulphide. 

The following' is the order of solubility in certain menstrua, the 
figures representing the number of parts by weight of the solvent 
required to dissolve one part of phosphorus : — 


Carbon Disulphide, .... .4 

Almond Oil, ..... . 100 

Concentrated Acetic Acid/ .... 100 

Ether, ...... , 250 

Alcohol, specific gravity '822, .... 400 

Glycerin, ...... . 588 


Phosphorus exists in, or can be converted into, several al lo tropic 
modifications, of which the red or amorphous phosphorus is the most 
important This is effected by heating it for some time, in the absence 
of air, from 230° to 235°. It is not poisonous.f Commercial red 
phosphorus does, however, contain very small quantities of unchanged 
or ordinary phosphorus — according to Fresenius, from '6 per cent, down* 
wards; it also contains phosphorous acid, and about 4'6 per cent, of 
other impurities, among which is graphite £ and often arsenic. 

§ 273. Phosphuretted Hydrogen. — Phosphine (PH S ), mol. weight 
34, specific gravity PI78, percentage composition, phosplioms 91 18, 
hydrogen 8 '82 by weight. The absolutely pure gas is not spontaneously 
inflammable, but that made by the ordinary process is so. It is a 
colourless, highly poisonous gas, which does not support combustion, 
butisitself combustible, burning to phosphoric acid (PH S + 20 2 = P0 4 H 3 ). 
Extremely dangerous explosive mixtures may be made by combining 
phosphine and air or oxygen, Phosphine, when quite dry, bums with, 
a white flame, but if mixed with aqueous vapour, it is green; hence a 
hydrogen flame containing a mixture of PH 3 possesses a green colour. 

If sulphur is heated in a stream of phosphine, hydric sulphide and 
sulphur phosphide are the products. Oxides of the metals, heated -with 
phosphine, yield phosphides with formation of water, Iodine, warmed 
in phosphine, gives white crystals of iodine phosphonium, and biniodide 
of phosphorus, 51+ 4PH 3 = 3PIH 4 + PI 2 , Chlorine inflames the gas, 
the final result being hydric chloride and chloride of phosphorus, PH, + 
8C1= 3C1H + PClj. One of the most important decompositions for 

* Phosphorus is very little soluble in cold aoetic acid, and the solubility given 
is only correct when the boiling acid acts for some time 011 the phosphorus. 

t A hound took 200 grins, of red phosphorus in twelve days, and remained 
healthy , — Sonaeuschein , 

t Sehrotter, Chcm. N'c'ics, vol. xxxvi, p. 198. 
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our purpose is the action of phosphine on a solution of nitrate of 
silver ; there is a separation of metallic silver, and nitric and phosphoric 
acids are found in solution, thus — 8AgN0 3 + PH 3 + 40H 2 = 8-A.g + 
8HN0 3 + P0 4 H 3 . This is, however, rather the end reaction; for, at 
first, there is a separation of a black precipitate composed of phosphor- 
silver. The excess of silver can be separated by hydvic chloride, and 
the phosphoric acid made evident by the addition of molybdic acid in 
excess. 

§ 274. The medicinal preparations of phosphorus are not numerous ; 
it is usually prescribed in the form of pills, made by manufacturers of 
coated pills on a large scale. The pills are composed of phosphorus, 
balsam of Tolu, yellow wax, and curd soap, and 3 grains equal Jp- grain 
of phosphorus. There is also a phosphorated oil , containing about 1 
part of phosphorus in 100 ; that of the French Pharmacopoeia is made 
with 1 part of dried phosphorus dissolved in 50 parts of warm almond 
oil ; that of the German has 1 part in 80 ; the strength of the former 
is therefore 2 per cent., of the latter 1-25 per cent. The medicinal 
dose of phosphorus is from to ^ grain. 

§ 275. Matches and Vermin Pastes. — An acquaintance with, the 
percentage of phosphorus in the different pastes and matches of com- 
merce will be found useful. Most of the vermin-destroying pastes 
contain from 1 to 2 per cent, of phosphorus. 

A phosphorus paste that was fatal to a child,* and gave rise to 
serious symptoms in others, was composed as follows : — 



Per cent, 

Phosphorus, ..... 

1-4 

Flowers of sulphur, .... 

42'2 

Flour, 

42'2 

Sugar, 

14-2 


100-00 


Per cent. 
1‘5 
18-4 
18'4 
617 

100-00 
Per cent. 


Phosphorus, 1-2 

Warm water 26 '7 

Rye flour, 26-7 

Melted butter, 267 

Sugar 18-7 


Three common receipts give the following proportions : 

Phosphorus 

Lard, 

Sugar, 

Flour, .......... 


Casper’s 204th case. 


10000 
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Per eent, 


Phosphorus, . . • , . , , , , 1'6 

Nut oil, 15 '7 

■Warm water, 31 '5 

Horn', 31 '5 

Sugar 19-7 


IOOOO 

A very common phosphorus paste, to be bought everywhere in 
England, is sold in little pots ; the whole .amount of phosphorus com 
tained in these varies from -324 to '388 gnu (5 to 6 grains), the active 
constituent bang a little over 4 per cent. Matches differ much in 
composition. Six matchheads, which had been placed in an apple for 
criminal purposes, and were submitted to Tardieu, were found to con. 
tain 20 mgrms. of phosphorus — i.e. ‘33 gnu in 100. Mayet found 
in 100 matches 55 mgrius, of phosphorus, Gonning * analysed ten 
different kinds of phosphorus matches with the following result; — 
Tliree English samples contained in 100 matches 34, 33, and 32 mgnns, 
of phosphorus ; a Belgian sample, 38 mgrms, ; and 5 others of unknown 
origin, 12, 17, 28, 32, and 41 mgrms. respectively. Some of the pub- 
lished formularies are as follows ; — 


(1.) Glue, 

. . 6 parts. 

Phosphorus, 

4 ,, or 14' 4 per cent. 

Nitre, 

• • 10 „ 

Red oeltie, 

• • 5 „ 

Blue smalts, 

9 

• • - ) 3 

(2.) Phosphorus, 

9 parts, or 16 ‘3 perceut. 

Gum, 

• 16 „ 

Nitre, 

H „ 

Smalts, 

■ • '6 „ 

(3.) Phosphorus, 

4 parts, or 14 '4 per cent. 

Glue, 

• • 6 „ 

Nitre, 

■ ■ 10 „ 

Ned lead, . 

. . 5 „ 

Smalts, 

• • 2 „ 

(4.) Phosphorus, 

17 parts, or’ 17 per cent. 

Glue, 

• • 21 „ 

Nitre, 

- - 38 „ 

Bed lead, . 

• • 24 „ 


Phosphorus poisoning by matches is, however, becoming rare, for 
those containing the ordinary variety of phosphorus are being superseded 
by matches of excellent quality, which contain no phosphorus whatever, 
or by matches which are manufactured with phosphorus sesquisulphide, 
P 4 S 3 ; for example, the matches made in France in the national factories 
* Nedcrlamlscft Tijdse7ir , wor Omeesk., A fell, i., 1866. 
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contain only the sesquisulphide, which has not the injurious qualities 
of the ordinary phosphorus. 

§ 276. Statistics.— The deaths for ten years ending 1903 from 
phosphorus poisoning in England and Wales amount to 148 ; of these, 
67 (29 males, 38 females) were due to accident, and 81 (21 males and 
60 females) were suicidal. 

Phosphorus as a cause of death occupies the eleventh place among 
poisons ; as a cause of suicide it occupies the seventh. 

A far greater number of cases of poisoning by phosphorus occur y early 
in France and Germany than in England. Phosphorus may be considered 
as the favourite poison which the common people on the Continent em- 
ploy for the purpose of self-destruction. It is an agent which, before the 
change of manufacture, was within the reach of anyone who had two sous 
in his pocket wherewith to buy a box of matches : but to the educated and 
those who know the horrible and prolonged torture ensuing from a toxic 
dose of phosphorus, such a means of exit from life will never be favoured. 

Otto Schraube * lias collected 92 cases from Meiscliner’s work,t and 
added 16 which had come under his own observation, giving in all 108 
cases. Seventy-one (or 65 per cent.) of these were suicidal — of the 
suicides 24 were males, 47 females (12 of the latter being prostitutes) ; 
21 of the cases were those of murder, 11 were accidental, and in 3 the 
cause was not ascertained, The number of cases in successive years, and 


;e kind of poison used, is given 

as follows : — 


Number of Casee. 

In the Years 

Phosphorus in 
Substance, 

Phosphorue 

Matches. 

15 

1798-1850 

or ae Paste. 
13 

2 

36 

1851-1860 

15 

21 

41 

1861-1864 

6 

35 

16 

1865-1867 

5 

11 


Of the 108 cases, 18 persons recovered and 90 (or 83-3 per cent.) died. 

Falck also has collected 76 cases of poisoning from various sources 
during eleven years; 55 were suicidal, 5 homicidal}, (murders'), and 
the rest accidental. Of the latter, 2 were caused by the use of phos- 
phorus as a medicine, 13 by accidents due to phosphorus being in the 
house; in 1 case phosphorus was taken intentionally to try the effects 
of an antidote.§ With regard to the form in which the poison was 

* Schmidt’s Jahrbuch dcr gear, Med,, Bd. clxxxvi, S. 209-248, 1867. 

t Die acute Phosphorose u nd einige Deflexion en iiber die acute yelbe Leber atrojlhie, 
etc,, Inaug, Diss., Leipzig, 1864. 

X Dr, Dannenberg has shown by direct experiment that a poisonous dose <A‘ 
phosphorus may be introduced into spirits or coffee, and the mixture have hut little 
odour or taste of phosphorus. — Sehuehardt in Masehka’s Eandbuch, 

§ G6ry, “Ueber Terpentinessenz als Gegenmittel gegen Phosphor,” in Oaz, 
Held, de Med,, 2 ser. , x, 2, 1873, 
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taken, 2 of the 76, as already mentioned, took it as prescribed by 
physicians, the remaining 74 were divided between poisonings by phos- 
phorus paste (22) and matches (52) = 70 per cent. Of the 76 cases, 6 
were children, 43 adult males, 13 adult females, and 14 adults, sex not 
given. Of the 76 cases, 42, or 55‘3 per cent., died — a much smaller 
rate of mortality than that shown by Schraube’s collection. 

§ 277. Fatal Dose, — The smallest dose on record is that mentioned 
by Lobenstein Lobel, of Jena, where a lunatic died from taking 7 '5 
mgrms. ('116 grain). There are other eases clearly indicating that this 
small quantity may produce dangerous symptoms in a healthy adult. 

§ 278. Effects of Phosphorus. — Phosphorus is excessively poisonous, 
and will destroy life, provided only that it enters the body in a fine state 
of division, but if taken in coarse pieces no symptoms may follow, for 
it has been proved that single lumps of phosphorus will go the whole 
length of a dog’s intestinal canal without causing appreciable loss of 
weight, and without destroying life.'*' kfagendie injected oleum phos- 
phoratum into the veins, and although the animals experimented on 
exhaled white fumes, aud not a few died asphyxiated, yet no symptoms 
of phosphorus poisoning resulted — an observation confirmed by others— 
the reason being that the phosphorus particles in a comparatively coarse 
state of division were arrested in the capillaries of the lung, and may be 
said to have been, as it were, outside the body. On the other hand, 
A, Brunner, f working in L, Hermann’s laboratory, having injected into 
the veins phosphorus in such a fine emulsion that the phosphorus could 
pass the lung capillaries, found that there were no exhalations of white 
fumes, but that the ordinary symptoms of phosphorus poisoning soon 
manifested themselves. Phosphorus paste, by the method of manu- 
facture, is in a state of extreme subdivision, and hence all the 
phosphorus pastes are extremely poisonous, 

§279. In a few poisons there is a difference, more or less marked, 
between the general symptoms produced 011 man, and those noticeable 
In the different classes of animals ; but with phosphorus, the effects on 
animals appear to a gree fairly with those witnesed most f'reqneutly in 
man, Tardieu (who has written perhaps the best and most complete 
clinical record of phosp horus poisoning extant) divides the cases under 
three classes, and to use his own words; — “ I think it useful to establish 
that poisoning by phosphorus in its course, sometimes rapid, sometimes 
slow, exhibits in its symptoms three distinct forms — a common form, a 
nervous form, and a liamorrhagio form, I recognise that, in certain 
cases, these three forms may succeed each other, and may only constitute 
periods of poisoning ; but it is incontestable that each of them may show 

* Eoveil, Anil. d'Hygienc Puil. (3), xii ji 370. 

t Arch./, d. Gca. 1’hysiolugie, iii, p. 1, 
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itself alone, aud occupy the whole course of the illness produced by the 
poison.”*’ Premising that the common form is a blending of irritant, 
nervous, and haemorrhagic symptoms, \vc adopt here in part Tardieu’s 
division. The uame of “ haemorrhagic form ” may be given to that in 
which hmmorrhage is the predominant feature, and the 11 nervous” to 
that in which the brain and spinal cord are from the first affected. 
There yet remain, however, a few cases which have an entirely 
anomalous course, and do uot fall under any of the three classes. 

From a study of 121 recorded cases of phosphorus poisoning, 
the relative frequency of the different forms appears to be as follows ; — 
The common fonn 83 per cent., haemorrhagic 10 per cent., nervous 6 
per cent., anomalous 1 per cent. The “anomalous” arc probably 
over' estimated, for the reason that cases presenting ordinary features 
are not necessarily published, but others arc nearly always chronicled 
in detail. 

§ 280, Common Form, — At the moment of swallowing, a disagree* 
able taste aud smell arc generally experienced, aud there may be 
immediate and intense pain in the throat, gullet, and stomach, and 
almost immediate retching aud vomiting. The throat and tongue also 
limy become swollen and painful ; but in a considerable number of cases 
the symptoms are not at once apparent, but are delayed from one to six 
hours — rarely longer. The person’s breath may lie phosphorescent 
before lie foels in any way affected, and lie may go about liis business 
aud perform a number of acts requiring both time and mental integrity. 
Pain in the stomach (wliicli, in some of the cases, takes the form of 
violent cramp aud vomiting) succeeds ; the matters vomited may shine 
in the dark, and are often tinged with blood. Diarrhoea is sometimes 
present, sometimes absent ; sleeplessness for the first night or two is 
very common. The pulse is variable, sometimes frequent, sometimes 
slow j the temperature in the morning is usually from 3C'0° to 36'5°, in 
the evening 37° to 38°. 

The next symptom is jaundice, as was observed in the following 
23 cases: — In 1 within twenty' four hours, in 3 within thirty *six 
hours, in 3 within two days, in 11 within three days, in 1 within four 
days, in 1 within five days, in 1 within nine days, in 1 within eighteen 
days, aud in 1 within twenty-seven days ; so that in about 78 per 
cent, jaundice occurred before the end of the third day. Out of 26 
cases, in which the patients lived long enough for the occurrence 
of jaundice, in 3 (or 11 per cent.) it was entirely absent In 132 cases 
recorded by Lewin, Mcischner, and Heisler, jaundice occurred in 65, 
or about 49 per cent,, but it must be remembered that in many 
of these cases the individual died before it had time to develop. The 
* iitudi MedicvLeyale cl Clinique sue V JimjiuisonncvtaU, Paris, 1875, p. 483. 
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jaundice haviug thoroughly pronounced itself, the system may be con. 
sidered as not only under the influence of the toxic action of phosphorus, 
but as suffering in addition from all the accidents incidental to the 
retention of the biliary secretion in the blood ; nor is there from this 
point any special difference between phosphorus poisoning and certain 
affections of the liver — such, for example, as acute yellow atrophy. There 
is retention of urine, sleeplessness, headache, frequent vomiting, painful 
and often involuntary evacuations from the bowels, and occasionally skin 
affections, such as urticaria or erythema. The case terminates either by 
acute delirium with fever, followed by fatal coma, or, in a few instances, 
coma comes on, and the patient passes to death in sleep without delirium. 
In this common fonu there is in a few cases, at the end of from twenty- 
four to thirty hours, a remission of the symptoms, and a non. medical 
observer might hnagiue that the patient was about to recover without 
further discomfort ; but then jaundice supervenes, and the course is as 
described. Iufants often do not live long enough for the jaundiced 
stage to develop, but die within twenty-four hours, the chief symptoms 
being vomiting and convulsions. 

§ 281. Haemorrhagic Form. — The symptoms set in as just detailed, 
aud jaundice appears, but accompanied by a new and terrible train of 
events — viy„, great effusion of blood. In some cases the blood has been 
poured out simultaneously from the nose, mouth, bladder, kidneys, and 
bowels. Among women there is excessive heemorrhagia. The liver is 
found to be swollen and painful ; the bodily weakness is great. Such 
cases are usually of long duration, and a person may die months after 
taking the poison from weakness, ancemia, and general cachexia. In 
many of its phases the haemorrhagic form resembles scurvy, and, as in 
scurvy, there are spots of purpura all over the body. 

§ 282. The nervous form is less common than the two forms 
just described. From the beginning, there are strange creeping 
sensations about the limhs, followed by painful cramps, repeated 
faintings, and great somnolence. Jaundice, as usual, sets in, erythe- 
matous spots appear on the skin, aud, about the fifth day, delirium 
of an acute character breaks out, and lockjaw and convulsions close 
the scene. 

The following are one or two brief abstracts of anomalous cases in 
which symptoms were cither wanting, or ran a course entirely different 
from any of the three forms described ■. — 

A woman, aged 20, took about 3 grains of phosphorus iu the form 
of rat-paste, She took the poison at 6 in the evening, behaved accord- 
ing to her wont, and sat down and wrote a letter to the king. During 
the night she vomited once, and died the next morning at 6 o clock, 
exactly twelve hours after taking the poison, lhere appear to have 
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been no symptoms whatever, save the single vomiting, to which may be 
added that in the course of the evening her breath had a phosphorus 
odour and was luminous.* 

A girl swallowed a quantity of phosphorus paste, but there were no 
marked symptoms until the fifth day, on which there was sickness and 
purging. She died on the seventh day. A remarkable blueness of the 
finger nails was observed a little before death, and was noticeable after* 
wards, f 

§ 283. Sequelae. — In several cases in which the patients have 
recovered from phosphorus poisoning, there have been observed para- 
lytic affectious.J 0. Bollinger has recorded a case in which paralysis 
of the foot followed ;§ in another, published by Bettelheim,|| there were 
peculiar' cerebral and spinal symptoms. Most of these cases are to be 
explained as disturbance or loss of function from small haemorrhages in 
the nervous substance. 

§ 284. Period at which the first Symptoms commence, — The time 
when the symptoms commence is occasionally of importance from a 
forensic point of view. Out of 28 cases in which the commencement 
of evident symptoms — i.e. pain, or vomiting, or illness — is precisely 
recorded, in 8 the symptoms were described as either immediate or 
within a few minutes after swallowing the poison; in 6 the symptoms 
commenced within the hour ; in 3 within two hours ; in other 3 within 
four hours ; and in I within six hours. One was delayed until the lapse 
of twelve hours, I from sixteen to eighteen hours, 1 two, and another 
five days We may, therefore, expect that in half the cases which may 
occur, the symptoms will commence within the hour, and more than 80 
per cent, within six hours. 

§ 285. Period of Death. — In 129 cases death took place as follows : — 
Iu 17 within twenty-four hours, in 30 within two days, in 103 within 
seven days. Three patients lived eight days, 6 nine days, 13 ten days, 
1 eleven days, I sixteen days, 1 seventeen days, and 1 survived eight 
months. It hence follows that 79 '8 per cent, of the fatal cases die 
within the week, 

§ 286, Phosphorus Vapour, — There are one or two cases on record of 
acute poisoning by phosphorus in the form of vapour, The symptoms 
are somewhat different from the effects produced by the finely-divided 
solid, and in general terms it may be said that phosphorus vapour is 
more apt to produce the rarer "nervous” form of poisoning than the 
solid phosphorus. 

* Casper's 205th ease. t Taylor on Poisons, p, 277. 

+ See Gallavardin, Les Paralyses Phosphoriqucs, Paris, 1865. 

§ Deutsches Archiv f. klin. Med , , Bd, vi. Hft. 1, S. 94, 1869. 

If Wiener Med . Presse, 1868, No, 41, 
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Bouchardat * mentions the case of a druggist who, while preparing a 
large quantity of rat-poison in a close room, inhaled phosphorus vapour. 
He fainted repeatedly, fell into a complete state of prostration, and died 
within a week. 

The following interesting case came under the observation of 
Professor Magnus Huss : — A man, 39 years old, married, was ad- 
mitted into the Seraphiu-Lazareth, Stockholm, 011 the 2nd of February 
1842. He had been occupied three years in the manufacture of 
phosphorus matches, and inhabited the room in. which the materials 
were preserved. He had always been well-conductefi in every way, and 
in good health, until a year previously, when a large quantity of the 
material for the manufacture of the matches accidentally caught fire and 
exploded. In his endeavours to extinguish the flames, he breathed a 
large quantity of the vapour, and he fell for a time unconscious. The 
spine afterwards became so weak that he could not hold himself up, aud 
he lost, in a great measure, power over his legs and arms. On admission, 
his condition was as follows : — He could make a few uncertain and 
staggering steps, his knees trembled, his arms shook, and if he attempted 
to grasp anything when he lay in bed, there were involuntary twitchings 
of groups of muscles. There was no paiu ; the sensibility of the skin 
was unchanged ; he had formication in the left arm ; the spine was 
neither sensitive to pressure, nor unusually sensitive to heat (as, e.g,, to 
the application of a hot sponge) ; the organs of special sense were not 
affected, but his speech was somewhat thick. He lived to 1845 in the 
same condition, but the paralysis became worse. There does not seem 
to have been any autopsy, 

The effects of phosphorus vapour may be still further elucidated by 
oue of Euleuberg’s t experiments on a rabbit. The vapour of burning 
phosphorus, mixed with much air, was admitted into a wooden hutch in 
which a strong rabbit sat, After 5 mgrms, of phosphorus had been in 
this mauner consumed, the only symptoms in half an hour were 
salivation, and quickened aud somewhat laboured respiration. After 
twenty-four hours had elapsed there was sudden indisposition, the 
animal fell as if lifeless, with the hind extremities stretched out, and 
intestinal movements were visible ; there was also expulsion of the urine. 
These epileptiform seizures seem to have continued more or less for 
twelve days, and then ceased. After fourteen days the experiment was 
repeated on the same rabbit, The animal remained exposed to the 
vapour for three-quarters of an hour, when the epilepsy showed itself as 
before, and, indeed, almost regularly after feeding. Between the 

* Annuaire tie 'f hemp., 1874, j>. 109; Scliuchardt in Maschka’s Sandbuch ; also 
Sclnuidt’s Jahrbueh , Bd. li, S. 101, 1846. 

t Oewerbe Hyyicnc, p, 256. 
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attacks the respiration was 


slowed. Bight weeks, after winds (here ws 


■ m intense icterus, which disappeared at the end of ten wee «. 

no SI chronic phosphorus poisoning has frequently bm. u-.tm d 111 
** engaged either in the manufacture of phosphorus «v m it* 
technical application. Some have held that the symptoms arc dm- U, 
u n oxidation product of phosphorus rather than to phosphorus itsr h ; 
but iu one of Eulenberg’s experiments, in winch u dove was lnll.d by 
breathing phosphorus fumes evolved by phosphorus oil, phosphorus ««» 
chemically recognised iu the free state iu the lungs. Tim mu. steam hurt 
and peculiar effect of breathing small quantities of phosphorus vapour 
is ft necrosis of the lower jaw. There is first iull.nuiuuliun of Ihu 
picriostemn of the jaw, which proceeds to suppuration and necrosis of a 
create r or smaller portion. The effects may develop with great, suddm 
ness, and end fatally. Thus Fournier and Ollivcr* ridafe tin* rusb 
of a girl, 14 years old, who, after working four years iu si phosphorus 
manufactory, was suddenly affected with periostitis of tin' upper jaw, 
and with intense anaemia. An eruption of purpuric spots ensued, and 
she died comatose. There is now little doubt that minute doses of 
phosphorus have a specific action on the hones geucndly, tmd more 
especially on the bones of the jaw. Wegner t administered 1 small doily 
doses to yonug animals, both in the state of vapour, and ns a finely 
divided solid The condition of the bones was found In lie uinrr compart 
than normal, the medullary canals being tonallcv than in healthy Iniur, 
the ossification was quickened. The formation of callus in fine hi red 
limbs was also increased, 


§ 288. Changes in the Urinary Secretion, — 1 f. 1ms boon 1 irfinv , stal'd 
that, at a certain period of the illness, the renal secretion is scan I hr 
than iu health, the urine diminishing, according to Libert and Wys.-iV ■ 
researches, to onedba If on the third, fourth, or fifth day. It, frn pin i| lv 
contains albumen, blood, and casts. When jaundice is ja'esenf., tlm mini- 
has then all the characters noticed in icterus ; Icueiii and tyriisin, al\vs<ys 
present in acute yellow atrophy of the liver, have been fimnd in si mil! 
quantity in jaundice through phosphorus ; Lactic acid is also pr.-Hiiii, 
The urea is much diminished, and, according to Melmltmi and Riow,,;; 
may be towards death entirely absent. Lastly, it is said that llnnv is 
an exhalation of either phosphorus vapour or phosphine from such urine. 
In some cases the urine is normal e.g, in a ease recorded by ft f[. 
Starhng, M.I)., and F. G. Hopkins, B.Sc. (Guy’s Ifospila/ /t' V „rt, 1«W 
m which a girl, aged 18, died on the fifth day after taking phosphorus 


Oaz, hebd. cle Mid., xxix, p. 461, 1868. 
t Virchow's Arch, f. path . Anat., lv. 11, 

X Arehi-e GeiiArctle <le Med., fi S6t., Turn. xii. 
§ Annalen der Charitd, Berlin. 


13(18, p. 70i<, 
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paste, the liver was fatty, and there was jaundice ; but the urine con- 
tained neither leucin nor tyrosin, aud was stated to be generally normal. 

§ 289. Changes in the blood during life have been several times 
observed. In a case attended by M. Romelkere of Brussels,'* * * § ' in which 
a mait took the paste from 300 matches, and under treatment by 
turpentine recovered, the blood was frequently examined, and the 
leucocytes found much increased in number. There is a curious conflict 
of evidence as to whether phosphorus prevents coagulation of the blood 
or not. Nasse asserted that phosphorated oil given to a dog fully 
prevented coagulation; P. I. Liebreck t also, iu a series of researches, 
found the blood dark, fluid, and in perfect solution. These observations 
were also supported by V. Bibra and Schuchardt. I Nevertheless, 
Lebert and Wyss fouud the blood, whether in the veins or in extravasa- 
tions, hi a nonual condition. Phosphorus increases the fatty contents of 
the blood. Bitter fouud that phosphorus mixed with starch, and given 
to a dog, raised the fatty content from the normal 2 per 1000 up to 
3'41 and 3'47 per 1000. ICug. Menard § saw in the blood from the 
jugular aud portal veins, as well as in extravasations, microscopic fat 
globules and fine needle-shaped crystals soluble iu ether. 

§ 290. Antidote — Treatment, — After emptying the stomach by 
means of emetics or by the stomach-pump, oil of turpentine in full 
medicinal doses, say 2‘5 c.e, (about 40 min.), frequently administered, 
seems to act as a true antidote, and a large percentage of cases treated 
early iu this way recover. 

§ 291. Poisonous Effects of Phosphine (phosphuretted hydrogen). 
— Experiments 011 pigeons, on rats, and other animals, and a few very 
rare cases among men, have shown that phosphine lias an exciting action 
on the respiratory mucous membranes, and a secondary action on 
the nervous system, Eulenberg || exposed a pigeon to an atmosphere 
containing 1'68 per oeut. of phosphine. There was immediate unrest ; 
at the end of three minutes, quickened and laboured breathing (100 a 
minute) ; after seven miuutcs, the bird lay prostrate, with shivering of 
the body and wide-open beak ; after eight minutes, there was vomiting ; 
after nine minutes, slow breathing (34 per minute) ; after twelve 
minutes, couvulsivc movements of the wings ; aud after thirteen minutes, 
general convulsions and death. 

* Tardieu, op . eit. , Case 31, 

t Dt'ss. de Vcncfico Plwspkoreo Acuta, Upsal, 1845. 

+ V, Bibra u. Geist, Die Krankhcitcn dor Arbciter in den Phosphorzunlholt : 
Fabriken, 1847, S. 59, eta ; Hunle u, v, Ffeliffcr’s Zcitcchr. /, ration, Med., N. F., 
Bd, vii., Hft, 3, 1857. 

§ Etude Expirimentalc mr quelqucs lesions de V Empoisonncmenl aiiju par Ic 
Pliosphore (These), Strasbourg, 1869. 

(| Gcwcrbe Hygiene, p. 273, 
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The membranes of the brain were found strongly injected, and there 
were extravasations. In the mucous membrane of the crop there was 
also an extravasation. The lungs externally and throughout were of a 
dirty brown-red colour ; the entire heart was filled with coagulated 
blood, which was weakly acid in reaction. 

In a second experiment with another pigeon, there was no striking 
symptom save that of increased frequency of respiration aud loss of 
appetite ; at the end of four days it was found dead. There was much 
congestion of the cerebral veins and vessels, the mucous membrane of 
the trachea and bronchi were weakly injected, and the first showed a 
thin, plastic, diphtheritic-like exudation. 

Dr. Henderson’s * researches on rats may also lie noticed here. He 
found that an atmosphere consisting entirely of phosphine killed rats 
within ten minutes, an atmosphere with 1 per cent, in half an hour. 
The symptoms observed were almost exactly similar to those noticed in 
the first experiment on the pigeon quoted above, and the post-mortem 
appearances were not dissimilar. With smaller quantities of the gas, the 
first symptom was increased frequency of the respiration ; then the 
animals showed signs of suffering intense irritation of the skirt, scratching 
aud biting at it incessantly ; afterwards they became drowsy, aud assumed 
a very peculiar attitude, sitting down on all-fours, with the back bent 
forward, and the uose pushed backwards between the forepaws, so as to 
bring the forehead against the floor of the cage. When in this position, 
tire rat presented the appearance of a curied*np hedgehog. Phosphine, 
when iujected into the rectum, is also fatal ; the animals oxhiile some of 
the gas from the lungs, and the breath, therefore, reduces solutions of 
silver nitrate, f 

Brenner J has recorded the case of a ruau 28 years old, a phar- 
maceutist, who is supposed to have suffered from illness caused by 
repeated inhalations of minute quantities of phosphine. He was 
engaged for two and a half years in the preparation of hypophosphites ; 
his illness commenced with spots before the eyes, and inability to fix the 
attention. His teeth became very brittle, and healthy as well as carious 
broke off from very slight causes. Finally, a weakness of the arras and 
limbs developed in the course of nine mouths into complete locomotor 
ataxy, 

§ 292, Blood takes up far more phosphine than water does. Dybs- 
kowsky found that putting the coefficient of solubility of phosphine in 
pure water at '1122 at 15°, the coefficient for venous blood was '13, and 

* Jit urn. Anut. and Physiol. ,voI, xiii. j>, 19. 

t Dybskowsky, Med. QAein. Utdcrs uekanycn auts Uojtpc' Seyler’s Labor, in 
Tubingen, p, 57. 

+ St. Petersburg Med. Zcitschr., 4 Hit,, 1865. 
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for arterial 2 6 '7 3 ; lienee tlie richer the blood is in oxygen the more 
phosphine is absorbed. It seems probable that the poisonous gas reacts 
on the oxy haemoglobin of the blood, and phosphorous acid is formed. 
This is supported by tlie fact that a watery extract of such blood re- 
duces silver nitrate, and has been also found feebly acid. The dark 
blood obtained from animals poisoned by phosphine, when examined 
spectroscopically, has been found to exhibit a band in the violet. 

§ 293. Post-mortem Appearances. — There are a few perfectly well 
authenticated cases showing that phosphorus may cause death, and yet 
no lesion be discovered afterwards. Thus, Tardieu* cites a case in 
which a woman, aged 45, poisoned herself with phosphorus, and died 
suddenly the seventh day afterwards. Dr. Mascarcl examined the 
viscera with the greatest care, but could discover absolutely no 
abnormal conditions ; the only symptoms during life were vomiting, and 
afterwards a little indigestion. It may, however, be remarked that the 
microscope does not seem to have been employed, and that probably a 
close examination of the heart would have revealed some alteration of 
its ultimate structure. Tlie case quoted by Taylor f may also be 
mentioned, in which a child was caught in the act of sucking phosphorus 
matches, and died ten days afterwards in convulsions. None of the 
ordinary- post-mortem signs of poisouing by phosphorus were met with, 
but the intestines were reddened throughout, and there were no less 
than ten invaginations ; but the case is altogether a doubtful one, and 
no phosphorus may actually have been taken. It is very difficult to 
give in a limited space anything like a full picture of the different 
lesions found after death from phosphorus, for they vary according as to 
whether the death is speedy or prolonged, whether the phosphorus has 
been taken as a finely-divided solid, or in the form of vapour, etc. It 
may, however, be shortly said, that the most common changes ate fatty 
infiltration of the liver and kidneys, fatty degeneration of the heart, 
enlargement of the liver, ecchymoses in the serous membranes, in the 
muscular, in the fatty, and in the mucous tissues. When death occurs 
before jaundice supervenes, there may be little in the aspect of the 
corpse to raise a suspicion of poison ; but if intense jaundice has existed 
during life, the yellow staining of tlie skin, and, it may be, spots of 
purpura, will suggest to the experienced pathologist the possibility of 
phosphorus poisoning, In the mouth and throat there will seldom be 
anything abnormal, In one or two cases of rapid death among infants, 
some traces of the matches which had been sucked were found clinging 
to the gums, The stomach may be healthy, but tlie most common 
appearance is a swelling of the mucous membrane and superficial 

* L’Empoismincmcnt , p, f>20. 

t Prisons, 3rd etl. , ji. 276. 
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■ , Virchow * who was the first to call attcnti.m to • hi 

intestinal »u«.us «•».*»»« -'V ' " 
giej SWeuu 0 c-lmwK that it Irf dlU- <’ 
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aaefriti* ,/laldulari s or gadradenitit, shows that it » <liu- 
de- eneration of tlie epithelial cells, and that it .s 1 >V rut m- ; n. 
to' phosphorus poisoning. The swelling muy In, m 

prepared sections to have its essential seat in thp K lun< 1, * ■ »< 
membrane; tlie glands are enlarged, their openings hll-ri 
cells, and each single cell is finely granular, hilt 1.- .van. <n h » 

rha-e often microscopically small, arc seen, uml rnn.v !-• «»i * -mr 

small ' inflammations ; their usual situation in mi 
ruga 1 , Very similar changes are witnessed after duat.U man 
iiVfemia, diphtheria, and other diseases. Thu w'Hmfiup of fin 
u-augraie, and deep erosions, recorded Iry the .■mllmi , l.,v. i, > 

been observed of late years, and probably wmr dn<- i<- p- t 

changes, and not to processes during life. Tho s:uu<- clump.- an >* • i - 
seen In the intestines, and there arc numerous extravaxiibm* m in- 
peritoneum. 

The liver shows of all the organs tho must di .-tract orbin' mjjfi’t . .* 
more or less advanced fatty infiltration of its stniciurr tai.c« pi, ■ 
which was first described as caused by phosphorus by Until' in 1 •■*;> ». 1 
It is the most constant pathological evidence Imtli in man and 
and seems to occur at a very early period, Mnuk and l.<-y bn h 
found a fatty degeneration in the liver fur ndviujcn 1 in I a« iitv {nut 
hours $ after poisoning. In rats and mice poisoned with jin.vto, d. s 
may be seen by the naked eye twelve hours ufti-r flic fatal 
The liver is mostly large, but in a ctwcjj recorded in th. /,.«?, -■«, 

* Virchow’s Arclriv.f. path. Anat, , ltd, xxxi, IJ II, it, I!!#!), 
t Hauff collected 12 eases, aud found a fatty livi-r in II. — /!'«; .if.- : 
Covscsp. SI., 1860, Ho, 34, 

t Die acute Phosphor- Ver gift-wig, Berlin, 1805, 

§ This case, from the similarity of the pathological u|i| «ftr.,uir . i |, , j., 
<3uced by yellow atrophy, deserves fallcr notice:— ” ftauws A. (t-wlry, u?. i •/-. ,, 

her own admission, toot some rat-paste on Tuesday, .luiu- l!*il», It ,•!. 
eleven days later, The initial symptoms were. lurt. very io.nl, d, NW-* it. . 
vomitiug continued with moderate severity for a IV-w (lu.y» ami .. 

’There ensued a feeling of depression, Towards tlie ami his.-ae.ihlity, . 

somewhat profuse metrorrhagia supervened. At tho ut-crif-vy tin , 

junctiv® were observed of a bright yellow colour. There was wo organ i- .few. 
of a recent nature, and entirely attributable to tint nation of tl,,. p..,,,., „,,, . j 

The stomach contained about three-quarters of u pint of dark cbm !-nt i'll-r, t 

consisting largely of blood derived from oipfllury br-m-arluu;- tr-mi t f,« ■ 

xiiembrane There was no solution of continuity of ti>« m in-on, n,- s,.»- a , n - 
showed traces of recent irritation, The whole sm-lkoe i v , i,'. 

^nt, except the summits of some of the mgie, which worn „f bri-i.i i . ■' 
There was also faint wrinkling of the mucous meuilawm-. Ti..- . y ,/ . 

small intestine was affected in much the ™r<, manner « U, ''l,..,,*,. t 

intestmc COtttained a quantity of almost or,l» iirkss iV> !( v Th* i *l, t 
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July 14, 1888, the liver was shrunken ; it has a pale yellow (or some* 
times an intense yellow) colour ; on section the cut surface presents a 
mottled appearance ; the serous envelopes, especially along the course of 
the vessels, exhibit extravasations of blood. The liver itself is more 
deficient in blood than in the normal condition, and the more bloodless 
it is, the greater the fatty infiltration. 

In the museum of the Royal College of Surgeons there is a prepara- 
tion (No. 2737) of the section of a liver derived from a case of phosphorus 
poisoning. 

A girl aged 18, after two days’ illness, was admitted into Guy’s 
Hospital. She confessed to having eaten a piece of bread coated with 
phosphorus paste. She had great abdominal pain, and died on the 
seventh day after taking the phosphorus. A few hours before her death 
she was profoundly and suddenly collapsed. The liver weighed 66 ozs. 
The outlines of the hepatic lobules were very distinct, each central vein 
being surrounded by an opaque yellowish zone ; when fresh the hue was 
more uniform, and the section was yellowish-white in colour. A micro- 
scopical examination of the hepatic cells showed them laden with fat 
globules, especially in the central parts of the liver. 

The microscopic appearances are also characteristic. In a case of 
suicidal poisoning by phosphorus, in which death took place on the 
seventh day, the liver was very carefully examiued by Dr. G. F, Goodart, 
who reported as follows : — 

“Under a low power the structure of tlio liver is still readily recognisable, and in 
this the specimen differs from slides of three eases of acute yellow atrophy that I 
have in my possession, The hepatic cells are present in large numbers, and have 
their natural trabecular arrangement. The columns are abnormally separated by 
dilated blood or lymph-spaecs, and the individual cells arc cloudy and ill-defined. 
The portal channels are everywhere characterised by a crowd of small nuclei which 
stain with logwood deeply, The epithelium of the smaller dnets is cloudy, and 
blocks the tribes in mauy eases, Under a high power (one-fifth) it is seen that tiio 
hepatic cells are exceedingly ill-defined in outline, and full of granules and even 
drops of oil. but in many parts, even where the cells themselves arc hazy, the 


shrunken, weighing only 26 ozs., and both on its outer and sectional surface 
exactly resembled the appearances produced lry acute yellow atrophy, except that 
there were greater congestion and interstitial hremorrliage in patches. The lolniles 
of the liver were in many places unrecognisable ; in others they stood in hold 
relief as brilliant canary-yellow patches, standing in strong contrast to the deep 
dark red areas of congestion and extravasation, The gall-bladder contained abont 
2 drachms of thin greyish fluid, apparently all but devoid of bile, 'flic urinary 
bladder was empty ; the kidneys were enlarged ; the cortex was very pale awl bile- 
stained, of greater depth than natural, and of softer consistence. The spleen was 
not enlarged, nor was it in the least degree softened, In addition to the bleeding 
from the uterus noticed during life, there was capiillaiy haemorrhage into tin; right 
lung and pleura, into tlic pericardium, and, as already mentioned, into the stomach. 
The brain was healthy.” 
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. , • t :Ti ftivitr Visible It appears to me that, in opposition i « wl«u 

" ■ PJ :3 ' is st i.l y « .he cells have in great measure rcsisli-ii tin- dcg-urra- 

in Z cells is nuifoi4 throughout cacti 1-1, ah, tin, 
bin* Jr- arc rather more affected than others. Tlio blowl-spaccs l/etwr-ei, Hi- <'.•<!, nn 
4:r. Oliver appears to be very bloodless. The p-.rtal canal.; m- «...«* 
.Mi wH h small round nuclei or cells, which are in pari, nu.l imglrt »«■ •*,.« a. 

ereat 1 art 'due to increase of the connective tissue or tu a nrrlmt.r I*™*** « »• > 

on: ruomdhnoaed to favour the view that they arc due to ungmlrn. Iron, do- 
vr«els, because they are so uniform in sire, ami the hnpntio «dl« ami rM,w«.vt»v- 
tisaucin their neighbourhood are undergoing no changes ui the way »f gnw*h wlaj. 
ever, 1 cannot detect any fatty changes in the vessels, but sonic .4 He small, 1 
HTiacy ducts contain some cloudy albuminous material, and their mirln.lmu I ■> o.a 
distinct No retained biliary pigment is visible. 

Osear NYyss,t in the case of a woman 23 years old, who ilird 
on the fifth day after taking phosphorus, describes, in addition tr. tin' 
fatty appearance of the cells, a new formation of cells lying lud'-vem 
the lohnles and in part surrounding the gall-dncts and tin- bvamihon of 
the portal vein and hepatic artery. 

Salkowsky J found in animals, which he killed a few hi, urn after 
administering to them toxic doses of phosphorus, notable kyprrU'inm 
of the throat intestine, liver, and kidneys — both the latter organs being 
larger than usual. The liver cells were swollen, and the nuclei wry 
evident, but they contained no fat, fatty drops being formed nfU-rwunh, 

§ 294. The kidneys exhibit alterations very similar mid mialogr ms In 
those of the liver. They are mostly enlarged, congested, mid Hubby, 
with extravasations under the capsule, and show microscopic nluiugr* 
essentially consisting in a fatty degeneration of the epithelium. In 
cases attended with haemorrhage, the tubuli may bo hero and there 
filled with blood. The fatty epithelium is especially Keen in tin- con. 
torted tubes, and the walls of the vessels, both of tin: capsule nml 
of the malpighian bodies, also undergo the same fatty e linage. In orm-s 
m which death has occurred rapidly, the kidneys have been found nlurnsl 
healthy, ox a little congested only, The pancreas has ;i1k« been fumid 
with its structure in part replaced by fatty elements. 

Of great significance are also the fatty changes in the general muscular 
system, ond more especially in the heart. The mnsoulur fibres of the 
heart quickly lose their transverse striae, which tire replaced by drops of 
hit. Probably this change is the cause of the sudden death net. uu 
frequently met with, in phosphorus poisoning. 

r.u In i ? K V U f gS ’ "' hen the pho3 r jll0ms is taken in substance, there is 
little naked-ej'e ’ change, but Peris, § by manomctric researches, hun 


1882. RecentCase of S“kide, ” by Herbert J. Chpoa, M. I). -V.o/nv/, is 

i *' a «• i "° t " 

§ A»hr*. Archie J. Wn. Med., vi. Hft. 1, S. 1, igflO. 
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shown that the elasticity is always decreased. According to experiments 
on animals, when the vapour is breathed, the mucous membrane is red, 
congested, swollen, and has an acid reaction. 

In the nervous system no change has been remarked, save occasion- 
ally heemorrhagic points and extravasations. 

§ 295. Diagnostic Differences between Acute Yellow Atrophy of 
the Liver and Fatty Liver produced by Phosphorus. — 0. Schultzen 
and 0. L. Eiess have collected and compared ten cases of fatty liver from 
phosphoms poisoning, and four cases of acute yellow atrophy of the liver, 
and, according to them, the chief points of distinction are as follows : — 
In phosphorus poisoning the liver is large, doughy, equally yellow, and 
with the acini well marked ; while in acute yellow atrophy the liver is 
diminished in siz.e, tough, leathery, and of a dirty yellow hue, the acini 
not being well mapped out. The “ phosphorus ” liver, again, presents 
the cells filled with large fat drops, or entirely replaced by them ; but in 
the K atrophy ” liver, the cells are replaced by a finely-nucleated detritus 
and through newly-formed cellular tissue. Yellow atrophy seems to be 
essentially an inflammation of the intralobular connective tissue, while in 
phosphorus poisoning the cells become gorged by an infiltration of fat, 
which presses upou the vessels and lessens the blood supply, and the 
liver, in consequence, may, after a time, waste. 

There is also a clinical distinction during life, not only in the lessening 
bulk of the liver in yellow atrophy, in opposition to the increase of size 
in the large phosphorus liver, but also in the composition of the renal 
secretion, In yellow atrophy the urine contains so much leucine and 
tyrosin, that the simple addition of acetic acid causes at once a precipitate. 
Schultzen and Kiess also found in the urine, in cases of yellow atrophy, 
oxymanddic add (C 8 H s 0 4 ), but in cases of phosphorus poisoning a nitro* 
genised acid, fusing at 184° to 185°. 

According to Maschka, grey-white, knotty, fcecal masses are found in 
the intestines in yellow atrophy, but never in cases of phosphorus poison- 
ing. In the latter, it is more common to find a slight intestinal catarrh 
and fluid excreta, 

§ 296. The Detection of Phosphorus, — The following are the chief 
methods in use for the separation and detection of phosphorus : * — 

1. Mitscherlich’s Process, — The essential feature of this process is 
simply distillation of free phosphorus, and observation of its luminous 
properties as the vapour condenses in the condensing tube. The condi- 

* It has been recommended to dissolve the plios}iliorus out from organic matters 
by carbon disulphide. On evaporation of the latter the phosphorus is recognised 
by its physical properties. Such a method is of but limited application, although 
it may sometimes be found useful. The senior author lias’ successfully employed it 
in the extraction of phosphorus from the crop of a fowl ; but on this occasion it 
happened to he present in large quantity, 

1 6 
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tions necessary for success are — (1) that the apparatus should he in total 
darkness;* and (2) that there should be no sirbstanee present, such 
as alcohol or ammonia,! which, distilling over with the phosphorus 
vapour, could destroy its luminosity. A convenient apparatus, and one 
certain to be in all laboratories, is an ordinary IFloreuce flask, containing 
tlie liquid to be tested, fitted to a glass Liebig’s condenser, supported on 
an iron sand-bath (which may, or may not, have a thin layer of sand), and 
heated by a Fletcher's low temperature burner, The distiliateis received 
into a flask. This apparatus, if in darkness, works well ; but should the 
observer wish to work in daylight, the condenser must be enclosed in 
a box perfectly impervious to light, and having a hole through which 
the luminosity of the tul>e may be seen, the head of the operator and the 
box being covered with a cloth. If there he a stream of water passing 
continuously through the oondaiser, a beautiful luminous ring of light 
appears in the upper part of the tube, where it remains fixed for some 
time. Should, however, the refrigeration be imperfect, the luminosity 
travels slowly down the tube into the receiver. In any case, the deli- 
cacy of the test is extraordinary.^ If the organic liquid is alkaline, or 
even neutral, there will certainly be some evolution of ammonia, which 
will distil over before the phosphorus, and retard (or, if in sufficient 
quantity, destroy) the luminosity. In such a case it is well, as a precau- 
tion, to add enough sulphuric acid to fix the ammonia, omitting such 
addition if the liquid to be operated upon is acid. 

2. The Production of Phosphine (PH ;j ). — Any method which pro- 
duces phosphine (phosphnretted hydrogeu), enabling that gas to he 
passed through nitrate of silver solntion, may he used for the detection 
of phosphorus. Thus, Sonnenschein states that he has found phos- 
phorus in extraordinary small amount, mixed with various substances, 
by heating with potash in a flask, and passing the phosphine into silver 
nitrate, separating the excess of silver, and recognising the phosphoric 
acid by the addition of molybdate of ammonia.§ 

The usual way is, however, to produce phosphine by means of the 
action on free phosphorus of nascent hydrogen evolved on dissolving 
nretallic zinc in dilute sulphuric acid. Phosphine is formed by the 

* Any considerable amount of phosphorescence cun, however, be observed in 
twilight. 

1' Many volatile substances destroy the luminous appearance of phosphorus 
vapour, e.y, chlorine, hyrlric sulphide, sulphur dioxide, carbon disulphide, ether, 
alcohol, petroleum, turjuiutiuc, crcasotc, and most essential oils. On the other hand, 
bromine, Iiydrochloricaaid, camphor, and carbonate of ammonia do notscem to inter- 
fere much with tlic phosphorescence 

+ Frcsca ins states that he and Nenbaner, with 1 mgim. of phosphorus in 200,000, 
recognised tire light, which lasted for half an hour. — Zeitschr, / anal, Ckem., i. 
p. 336. 

§ Sonnenschein, Tlavdhiehcler cjmchtUchcn Ohcmie, Berlin, 1869. 
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action of nascent hydrogen on solid phosphorus, phosphorous acid, and 
hypophosphoious acid; but no phosphine can be formed in this way by 
the action of hydrogen on phosphoric acid. 

Since it may happen that no free phosphorus is present, but yet the 
iirst product (phosphorous acid) of its oxidation, the production of phos* 
phine becomes a necessary test to make on failure of Mitschcrlich’s 
test; if no result follows the proper application of the two processes, 
the probability is that phosphorus has not been taken. 

Blondlot and Dusart evolve hydrogen from nine and dilute sulphuric 
add, and pass the gas into silver nitrate ; if the gas is pure, there is 
of course no reduction : the liquid to be tested is then added to the 
hydrogengenerating liquid, and if phosphorous or hypopliosphorons acids, 
be present, a black precipitate of phosphor* silver will be produced. To 
piove that this black precipitate is ndther that produced by SH,, nor 
by antimony nor arsenic, the precipitate is collected and placed in the 
apparatus to be presently described, and the spectroscopic appearances of 
the phosphine flame observed. 

3. Tests dependent on the Combustion of Phosphine (PJEL). — A 
hydrogen flame, containing only a minute trace of phosphorus, or of the 
lower product of its oxidation, acquires a beautiful green tint, and 
possesses a characteristic spectrum, I 11 order to obtain the latter in its 
best form, the amount of phosphiue must not be too large, or the flame 
will become whitish and livid, and the bands lose their defined character, 
rendering the spectrum continuous. Again, the orifice of the tube 
whence the gas escapes must not be too small ; and the best result is 
obtaiued when the flame is cooled, 

M, Salct has proposed two excellent methods for the observation of 
phosphiue by the spectroscope ; — 

(1) He projects the phosphorus flame on a plane vertical surFacc, 
maintained constantly cold by means of a thin layer of running water ; 
the green colour is especially produced in the neighbourhood of the 
cool surface. 

(2) At the level of the base of the flame there is an annular space, 
through which a stream of cold air is continually blown upwards. Tims 
cooled, the light is very pronounced, and the band S, which is almost 
invisible in the ordinary method of examination, is plainly seen. * 

An apparatus (devised by Blondlot, and improved by Presenilis) for 
the production of the phosphine flame in medicodegal research, is repre* 
sented in the diagram on the following page : — 

Several of the details of this apparatus may lie modified at the con* 

* Consult Spectres Luminmur., par M, Lccorp do Bm.siiaudran, Paris, 1874. fiet* 
also Christofle and Bcilstrom's " AMiandluug,” in Fcnx/iins' Ztilzchr.J'. anal. Chnii-., 
B, ii, p, 465, and B. iii. p. 147. 
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venience of the operator. A is a vessel containing sulphuric acid ; B * « 
partly filled with granulated zinc, and hydrogen may he developed ^ 
pleasure ; c contains a solution of nitrate of silver ; d is a tube at whi eft 
the gas can be lit ; e, a flask containing the fluid to be tested, and pro- 
vided with a tube /, at which also the gas issuing can he ignited. B f 1 f - 
orifice should be provided with a platinum nozzle. When the hydrogen i 
has displaced the air, both tubes are lit, and the two flames, being sUl«' r 
by side, can be compared. Should any phosphorus come over from tli< r 
zinc (a possibility which the interposed silver nitrate ought to gon-Tcl 
against), it is detected; the last flask is now gently warmed, mid if 
the flame is green, or, indeed, in any case, it should be examined T >,Y 
the spectroscope.* 



§ 297, The spectrum, when fully developed, shows one band in the! 
orange and yellow between C and D, but very close to D, and Severn, 1 
bands in the green, But the bands 8, y, a, and fi are the most-, 
characteristic. The band 8 has its centre about the wave-length f>99 , 4- ; 
it is easily distinguished when the slit of the spectroscope is a little? 
wide, but may be invisible if the slit is too nanow, It is best seen 
M, Salet’s second process, and, when cooled by a brisk current of air, if. 
broadens, and may extend closer to D- The band y has a somewhat, 
decided border towards E, while it is nebulous towards D, and it is, 
therefore, very difficult to say -where it begins or where it ends ; itfs 
centre may, however, be put at very near 109 of Boisbandran’s scale, 
corresponding to W, L, 560- 5, if the flame is free. This band is more 

* f. Selmi has proposed the simple dipping of a platinum loop into a liquid con- 
taining phosphoric acid, and then inserting it into the tip of a hydrogen flame, 
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distinct than /3, but with a strong current of air the reverse is the case. 
The middle of the important baud a is nearly marked by Fraunhofer’s 
line E. Boisbaudran gives it as coinciding with 122 of his scale W. L. 
526'3. In ordinary conditions (that is, with a free uncooled flame) this 
is the brightest and most marked of all the bands. The approximate 
middle of the band is W. L. 510'6 (Boisb&udran’s scale 129'00). 

Lipowitz’s Sulphur Test. — Sulphur has the peculiar property of 
condensing phosphorus on its surface, and of this Lipowitz proposed to 
take advantage. Pieces of sulphur are digested some time with the 
liquid under research, subsequently removed, and slightly dried. When 
examined in the dark, should phosphorus be present, they gleam strongly 
if rubbed with the finger, and develop a phosphorus odour. The test is 
wanting in delicacy, nor can it well be made quantitative ; it has, how- 
ever, au advantage in certain cases, e.ij. the detection of phosphorus in 
an alcoholic liquid. 

Scherer’s test, as modified by Hager,* is a very delicate and almost 
decisive test. The substances to be examined are placed in a flask with 
a little lead acetate (to prevent the possibility of any hydric sulphide 
being evolved), some ether added, and a strip of filter-paper soaked in a 
solution of silver nitrate is then suspended in the flask ; this is con- 
veniently done by making a slit in the bottom of the cork, and in the 
slit securing the paper. The closed flask is placed in the dark, and if 
phosphorus is present, in a few minutes there is a black stain. It may 
be objected that arsine will cause a similar staining, but then arsine 
could hardly be developed under the circumstances given. It is 
scarcely necessary to observe that the paper must be wet. 

§ 298. Chemical Examination of the TJrine, — It may be desirable, 
in any case of suspected phosphorus poisoning, to examine the renal 
secretion for leucin and tyrosin, etc, Leucin may be found as a deposit 
in the urine, Its general appearance is that of little oval or round discs, 
looking like drops of fat. It can be recognised by taking up one or more 
of these little bodies and placing them in the author’s subliming cell (see 
p, 259). By careful heating it will sublime wholly on to the upper cover. 
On now adding a little nitric acid to the sublimed leucin, and drying, 
and then to the dried residue adding a droplet of a solution of sodium 
hydrate, leucin forms an oily drop, Tyrosin also may occur as a sediment 
of little heaps of fine needles, The best test for tyrosin is to dissolve in 
hot water, and then add a drop of a solution of mercuric nitrate and 
mercurous uitrate, when a rose colour is at once developed, if the tyrosin 
is in very minute quantity ; but if in more than traces, there is a distinct 
crimson precipitate, To separate leucin and tyrosin from the urine, the 
best process is as follows ; — The urine is filtered from any deposit, 
* Phamu CeutraZ-luiUe, xx. 353. 
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evaporated to a thin syrup, and decanted from the second deposit that 
forms. The two deposits are mixed together and treated with dilute 
ammonia, which will dissolve out any tyrosin and leave it in needles, if 
the ammonia is spontaneously evaporated on a watch-glass. Tire urine 
is then diluted and treated with neutral and basic acetates of lead, filtered, 
and the lead thrown out of tire filtrate by hydric sulphide. The filtrate 
is evaporated to a syrup, and it then deposits leucin mixed with some 
tyrosin. If, however, the syrup refuses to crystallise, it is treated with 
cold absolute alcohol, and filtered ; the residue is then boiled up with 
spirit of wine, which extracts leucin, and deposits it on cooling in a 
crystalline form. To obtain oxymandelic acid, the mother-liquor, from 
which leucin and tyrosin have been extracted, is precipitated with 
absolute alcohol, filtered, and then the alcoholic solution evaporated to a 
syrup. This syrup is acidified by sulphuric acid, and attracted with 
ether ; the ether is filtered off and evaporated to dryness ; the dry residue 
will be in the form of oily drops and crystals. The crystals are collected, 
dissolved in water, and the solution precipitated by lead acetate to remove 
colouring matters ; after filtration it is finally precipitated by basic acetate. 
On decomposition of the basic acetate, by suspending in water and 
saturating with hydric sulphide, the nltimato filtrate on evaporation 
deposits colourless, flexible needles of oxymandelic acid. The nitro* 
genised acid which Schultaen and Riess obtained from urine in a case of 
phosphorus poisoning, was found in an alcohol and ether extract — warts 
of rhombic scales separating out of the syrupy residue. These scales gave 
no precipitate with basic acetate, but formed a compound with silver 
uitrate. The silver compound was in the fonn of shining white needles, 
and contained 33'9 per cent of silver ; the acid was decomposed by heat, 
and with lime yielded aniline. Its melting-point is given at from 184“ 
to 185°, The occurrence of some volatile substance in phosphorus 
urine, which blackens nitrate of silver, and which is probably phosphine, 
was first noticed by Selmi.* Pesci and Stroppa have confirmed Sclmi’s 
researches, It is even given off in the cold. 

§ 299. The quantitative estimation of phosphorus is best carried 
out by oxidising it into phosphoric acid, and estimating as ammon. 
magnesian phosphate. To effect this, the substances are distilled in an 
atmosphere of C0 2 into a flask with water, to which a tube containing 
silver nitrate is attached ; the latter retains all phosphine, the former 
solid phosphorus. If necessary, the distillate may be agaiu distilled into 
AgN0 3 * and in any case the contents of the (J-tube and flask are mixed, 
oxidised with nitromuriatic acid, filtered from silver chloride, and the 
phosphoric acid determined in the usual way. 

In the case of a child poisoned by lucifer matches, Sonnenschein 
* Qiomale Inter kaz, della Scienza Med , , 1879. Nro. 5, y. 645. 
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estimated the free phosphorus in the following way : — The contents of 
the stomach were diluted with water, a measured part filtered, and 
the phosphoric acid estimated. The other portion was then oxidised 
by HCland potassic chlorate, and the phosphoric acid estimated — the 
difference being calculated as free phosphorus. 

§ 300. How long can Phosphorus be recognised after Death? — One 
of the most important matters for consideration is the time after death in 
•which free phosphorus, or free phosphoric acids, can be detected. Any 
phosphorus changed into atnmon. mag. phosphate, or into any other salt, 
is for medicolegal purposes entirely lost, since the expert can only take 
cognisance of the substance either in a free state, as phosphine, or as a 
free acid. 

The question, again, maybe asked in court — Does the decomposition 
of animal substances rich in phosphorus develop phosphine % "The answer 
to this is, that uo such reaction has been observed. 

A case is related* in which phosphorus was recognised, although the 
body had been buried for several weeks and then exhumed. 

The expert of pharmacy of the Provincial Goverument Board of 
Breslau has also made some experiments in this direction, which are 
worthy of note Four guineapigs were poisoned, each by 0'023 grm. 
of phosphorus ; they died in a few hours, and were buried in sandy loam 
soil, 0'5 metre deep. Exhumation of the first took place four weeks after, 
The putrefying organs — heart, liver, spleen, stomach, and all the intes* 
tines — tested by Mitscherlich’s method of distillation, showed charac* 
teristic phosphorescence for nearly one hour. 

The second animal was exhumed after eight weeks in a highly putres- 
cent state. Its entrails, 011 distillation, showed the phosphorescent 
appearance for thiry-ftve minutes. 

The third animal was taken from the earth after twelve weeks, but no 
free phosphoms could be detected, although there was evidence of the 
Iowa- form of oxidation (P0 3 ) by Blondlot’s method. 

The fourth animal was exhumed after fifteen weeks, but neither free 
phosphorus nor PO., could be detected, t 

A man, as well as a cat, was poisoned by phosphorus. On analysis, 
twenty-nine days after death, negative results were alone obtained. — 
(Sonnenschein.) 

It will thus be evident that there is uo constant rule, and that, even 
when decomposition is much advanced, an examination may be 
successful, 

* Pharni. ZcitscA f Hussl., Jahvg. 2, p, 87. 

t Ficrteljahrsschrift filr gerichtlichc Median, Jan. 7, 1876 ; .see also Zcttschr, f 
cmal Ghanie, 1872, 
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DIVISION I.— VEGETABLE ALKALOIDS. 


I.— General Methods of Testing- and Extracting- Alkaloids. 

§ 301. General Tests for Alkaloids. — In order to ascertain whether 
an alkaloid is present or not, a method of extraction must be jhkhuwI 
which, while disposing of fatty matters, salts, etc., shall dissolve as lit* 1*' 
as possible of foreign substances — suck a method, e.y,, as the original 
process of Stas, or one of its modern modiiications. 

If to the acid aqueous solution iinally obtained by tins method u 
dilnte solution of soda be added, drop by drop, until it in render) ■<! 
feebly alkaline, and m pyedpiate appear, whatever other poison < urn 
plantoonstituents may be present, all ordinary alkaloids * arc absent. 

In addition to this negative test, there are also a number of null 
stances ’which give well.marked crystalline or amorphous prcoipitmD ‘H 
with alkaloids. 

§ 302, These maybe called "group) reagents'." The chief members 
of the group reagents are — iodine dissolved in hydriodio acid, iotlim- 
dissolved in pot.ossic iodide solution, bromine dissolved in pxiUHsie 
bromide solution, hydrargo-potassic iodide, bismutlrpotassio iodidi', 
eadmic potassic iodide; the chlorides of gold, of platinum, aucl mercury ; 
picric acid, gallic acid, tannin, chromate of potash, bichromate of pxitassh, 
phospho'iuolybdic acid, p)hospho*tuugstic acid, siEcodungstio acid, and 
Trohde’s reagent, It will be useful to make a few general remarks on 
some of these reagents, 

Iodine in hydriodic acid gives either crystalline or amorphous jure - 
cipitates with nearly all alkaloids ; the compound with morphine, For 

* In tte ease of morphine tu.rtiutc, this lest will not answer. See the artic.h on 
Morphine 
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example, is in very definite needles; with dilute solutions of atropine, 
the precipitate is in the form of minute dots, but the majority of the 
precipitates are amorphous, and all are more or less coloured. 

Iodine dissolved in a solution of potassic iodide gives with alkaloids 
a reddish or red -brown precipitate, and this in perhaps a greater dilu- 
tion than almost any reagent. Since the testing solution maybe also 
used for ascertaining the weight of the alkaloid, itis convenient to make 
it a decrnormal one, that is, Id '7 grms. I and 60 grms. KI, dissolved in 
a litre of water. When added to an aqueous solution, the precipitates 
are amorphous, hut if added to an alcoholic solution, certain alkaloids 
then form crystalline precipitates ; this, for example, is the case with 
berberine and narceine. The aqueous solution should be either neutral 
or feebly add. The alkaloid maybe recovered by tire process detailed 
on page 253. A solution of bromine in potassic bromide solution also 
gives similar precipitates to the above, but it forms insoluble compounds 
with phenol, orcin, and other substances. 

Mercuric potassic iodide is prepared by decomposing mercuric 
chloride with potassic iodide in excess, The proportions are 13 '546 
grms, of mercuric chloride and 49 '8 of potassic iodide, and water 
sufficient to measure, when dissolved, 1 litre. The precipitates front 
this reagent are white and flocculent; many of them become, on 
standing, crystalline. 

Bismuthie. potassic iodide in solution precipitates alkaloids, and the 
compounds formed are of great insolubility, but it also forms compounds 
with the various albuminoid bodies. 

Iodised parethoxy phenyl succiniinide is another reagent which 
precipitates alkaloids, and is said to be even more sensitive than iodine 
in pot. iodide. 

Chloride of gold forms with the alkaloids compounds, many of which 
are crystalline, and most admit of utilisation for quantitative) determina- 
tions. Chloride of gold does not precipitate amides or ammonium com* 
porrnds, and on this account its value is great, The precipitates are 
yellow, and after a while are partly deeompiosed, when the colour is of a 
reddish-brown. 

Platinic chloride also forurs precipitates with most of the alkaloids, 
but since it also precipitates ammonia and potassic salts, it is inferior to 
gold chloride inutility, 

§ 303. (1) Phosphomolybdic Acid as a Reagent for Alkaloids. — 
P-reparation : Molybdate of ammonia is precipitated by phosphate of 
soda ; and the well-washed yellow precipitate is suspended in water and 
warmed with carbonate of soda, until it is entirely dissolved. This solu- 
tion is evaporated to dryness, and the ammonia fully expelled by heat- 
ing. If the mdybdic acid is fairly reduced by this means, it is to be 
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moistened by nitric acid, and the heating repeated. The now dry residue 
is warmed with water, nitric acid added to. strong acid reaction, and the 
mixture diluted with water, so that 10 parts of the solution contain 1 of 
the dry salt, The precipitates of the alkaloids are as follows : — 


Aniline, .... 

. Bright yellow, flocenleut. 

Morphine, 

* >> )> 

Nareotine, 

. Browuisli-yellow, ,, 

Qnitiiuo, .... 

. Whitish- yellow, ,, 

Cinchonine, 

* J J 1) 

Codeine, .... 

. Brownish-yellow, voluminous. 

Stryelniiuu, 

White-yellow, ,, 

Brucine, .... 

. Yelk-yellow, lioccnlent. 

Yciutriue, 

. Bright yellow, ,, 

Jcrviue, .... 

* > » >» 

Aconitine, 


Emetine, .... 

* 1 > JJ 

Tlidne, .... 

Bright yellow, voluminous. 

Theobromine, . 

* l> ) J 

Sahminc, .... 

. Citron-yellow, pulverulent. 

Atropine, 

Bright yellow, tloccnlcut. 

Hyuscyniuiiio, . 

. ,, 

Colchicine, 

Orange- yellow, ,, 

Delphinine, 

Orey-yellow, voluminous. 

lierherine, 

Dirty yellow, tloeeulimt. 

Coniine, .... 

Bright yellow, voluminous. 

Nicotine, .... 

* » u 

l’iperine, .... 

. Brownish-yellow, lloeoulcnt. 


(2) SilicO'Tungstic Acid as a Reagent for Alkaloids. — Sodium tung- 
state is boiled with freshly precipitated gelatinous silica. To the solution 
is added mercurous nitrate, which precipitates the yellow mercurous 
silico-tungstate This is filtered, well washed, and decomposed by an 
equivalent quantity of hydrochloric acid ; silico- tungstic acid then goes 
into solution, anil mercurous chloride (calomel) remains behind. The 
clear filtrate is evaporated to drive off the excess of hydrochloric acid, 
and furnishes, on spontaneous evaporation, large, shining, colourless 
oetahcdni of silico -tungstic acid, which effloresce in the air, melt at 36°, 
and arc easily soluble in water or alcohol. 

This agent produces no insoluble precipitate with any metallic salt. 
Catshnu and rubidium salts, even in dilute solutions, are precipitated by 
it ; neutral solutions of ammonium chloride give with it a white precipi- 
tate, soluble with difficulty in large quantities of water. It precipitates 
solutions of the salts of quinine, cinchonine, morphine, atropine, etc. ; if 
in extremely dilute solution, an opalescence only is produced : for in- 
stance, it has been observed that cinchonine hydrochlorate in v-jnrjnnri 
quinia hydroehloratc in yy.iWb', morphia hydrochlorate in g-g- dilution, 
all gave a distinct opalescence . — Archiv der Pharnk, Nov., Dr. Richard 
Godcfficoy. 
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According to Gabriel Bertrand (Comj}t, Rend., cxxviii. 74=2), the salts 
possess the general formula 12Wo0 3 Si0 3 A.lk +nH 2 0, the morphine salt 
lias the formula of 12 Wo0 3 .SiCXj, 2 H 2 0 4C 4 7 H 10 NO s + 911^0 ; dried at 
120°, it still contains 2 molecules of water; the strychnine salt is 
similar, but retains only 1 mol. of water on drying. These compounds 
are insoluble in acids or cold water; for the most part they do not 
interfere with colour tests, and on treatment with dilate alkalies, 
silicium and turgsten pass into solution and the alkaloid can either be 
filtered off or shaken, out with appropriate solvents. 

(3) Scheibler’s Method for Alkaloids : Phospho- Tungstic Acid. — 
Ordinary commercial sodium tungstate is digested with half its weight 
of phosphoric add, specific gravity M3, aud the whole allowed to stand 
for some days, when the acid separates in crystals. A solution of these 
crystals will give a distinct precipitate with the most minute quantities 
of alkaloids, of strychnine, aud •(owanro quinine. The alkaloid 

is liberated by digestion with barium hydrate (or calcium hydrate) ; and 
if volatile, maybe distilled off; if fixed, dissolved out by chloroform. 
In complex mixtures, colouring matter may be removed by plumbic 
acetate, the lead thrown out by SH 2 , aud concentrated, so as to remove 
the excess of SH 2 . 

§ 304, Schulze’s reagent is phosplio-antinionic acid. It is prepared 
by dropping a strong solution of antimony trichloride into a saturated 
solution of sodic. phosphate The precipitation of the alkaloids is 
effected by this reagent in u sulphuric acid solution. 

§ 305. Dragendorff’s reagent is a solution of potass-bismuth iodide ; 
it is prepared by dissolving bismuth iodide in a hot solution of 
potassium iodide, aud then diluting with an equal volume of iodide of 
potassium solution, On tbe addition of an acid solution of an alkaloid, 
a kemies-red precipitate falls down, which is in many oases crystalline. 

Marine’s reagent is a solution of potass-cadmium iodide It is made 
on similar principles. 

Potass.zinc iodide in solution is also made similarly. The pre- 
cipitates produced in solutions of narceine and codeine are crystalline 
and very characteristic. 

§ 306, Colour Tests, — Trohde’s reagent is made by dissolving 1 
part of sodic molybdate in 10 parts of strong sulphuric acid ; it strikes 
distinctive co lours with many alkaloids. 

Mandelin’s reagent is a solution of meta* vanadate of ammonia in 
mono- or dihydrated sulphuric acid, The strength should be 1 part of 
the salt to 200 of the acid. This reagent strikes a colour with many 
alkaloids, and aids to tbeir identification, It is specially useful to 
supplement and correct other tests. (See p. 58 for the spectroscopic 
appearances of certain of die colour tests,) 
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METHODS OK SEPARATION. 

§ 307. General processes for the Separation of Alkaloidal Substances 
from Organic Matters. — The processes iu use are the Stas-Otto process, 
the process of Kippenberger, and that of Dragendorff. The Hilgev* 
Kuster method, in which gypsum is used, apparently leads to poor 
results, and will therefore not be described. 

The three processes are seldom used singly, bnt more or less in coni* 
binatiou. The Stas-Otto process consists in exhausting the organic 
matters with strong alcohol. With every kilogramme of such sub* 
stances as liver or other internal organs, rather more than a litre of 
alcohol of 92 to 95 per cent, strength is required. The more finely 
divided the organ is the better. For this purpose it is often advisable 
to pass the matters through a mincing machine. The flask containing 
the substances and the alcohol is placed in a water-bath and the cork 
connected with a reflux condenser. The water in the bath is kept at a 
boiling temperature from one to two hours. In the original Stas*Otto 
process an acid, such as tartaric acid, was usually added ; but if the 
substance itself, as is usually the case, has an acid reaction, and at the 
end of the operation the alcohol is found acid, it is preferable not to add 
acid. The alcoholic solution is filtered through a piece of nmslin and 
the organic matter pressed in a filter press, so as to squeeze the solution 
out of the mass, It Is best now to distil off the alcohol, and then to 
extract the watery fluid in a separating funnel by petroleum ether two 
or three times, otherwise there will be much difficulty in filtration. 
The petroleum ether extract contains all the fatty matter and, it may 
be, some of the alkaloid dissolved in the fat. To recover this the 
petroleum is distilled off, a little paraffin wax added to the fatty matter 
left behind, and the fatty matters washed in a separating funnel with 
hot water made slightly acid by means of hydrochloric acid. 

The original liquid, free from fat, is then filtered, The clear liquid 
to which the washings of the fat are added is now evaporated to dryness 
and treated with absolute alcohol, The absolute alcoholic extract is 
filtered and evaporated to dryness. This contains all the alkaloid in an 
impure state, It is, however, important to note that even when no 
alkaloidal poison is present, the extract invariably contains residues 
which give decided reactions with the group*alkaloidal reagents, such 
as iodine and potassic iodide, phospho*tungstic acid, and so forth. 

Kippenberger ’s Process, — In Kippenberger’s process the reaction 
of the final product with general alkaloidal reagents in operating 
on alkaloidal free substances is much less than in the Stas*0tto 
process, 

Kippenberger extracts the organic substances with glycerin holding 
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tannin in solution. To 500 gmis. of glycerin should he added about 
100 guns, of tannin. 

The extraction may be conducted at a gentle heat, and should ho 
continued for several hours. The glycerin solution is fdtered, a process 
which is facilitated by dilntiug the glycerin ; with this extract, as with 
theStas-Otto process, it is advisable to extract the fut by petroleum 
ether before filtration. 

It is best in practice to combine the Htas-Otto process with Kippeu- 
lxcrger’s, that is to say, to apply lvippenbcrgcv’s process to the ultimata 
alcoholic extract derived from tlm tftas-Otto process in order to got rid 
of impurities. 

In either ease the final aqueous, slightly acid solution may be 
treated with either the general alknloidal reagents or it may be very 
carefully alkalised by a solution of potash ; if no turbidity or precipitate 
occurs, then no ordinary alkaloid is present, .Should a cloud or ] ircei pittite 
occur the liquid can he made acid, so as to dissolve tho precipitate, 
and he submitted to Dragendorlfs process. 

Most alkaloids can also he puriiied by Kippeu burger's* iodine method, 
which Ls as follows : — The supposed alkaloid is dissolved in a little acid 
water, which is then just made neutral by soda solution ; it is then pro* 
cipitated by a solution of iodine and potassio. iodide (1 2 - 7 grins. 1 and 00 
grrns. KI to the litre), tho precipitate is filtered through an asbestas 
filter and washed with cold water, it is then dissolved in iw.cl.onc, to 
the acetone is added NaOH solution to saturate free iodiuo, tho alkaline 
solution is next acidified and mixed with water, The scarcely cob wired 
final solution contains the alkaloid as an acid salt The solution is now 
gently wanned in the water-bath to eviipumto off the acetone, and while 
still warm a few drops of d.u, solution of thio. sulpha to added. The acid 
is now over-saturated witli sodic carbonate and tho alkaloids shaken out 
by means of an appropriate volatile solvent. A silico-tnngstnlc of the 
alkaloid may also he made, or a pi crate. ; iu either ease 011 alkalisiitg the 
alkaloid is set free, and may ho separated by amyl-alcohol, chloroform, 
ether, according to its solid fility, 

§ 308. Selmi’s Process for Separating Alkaloids, — A method of 
separating alkaloids from an ethereal solution 1ms been proposed by 
Selmi.f The alcoholic extract of the viscera, acidified and filtered, is 
evaporated at G5" ; the residue taken up with water, filtered, and 
decolorised by lrnsic acetate of lead, Tho lean! is thrown out by 
sulphuretted hydrogen; the solution, after concentration, repeatedly 
extracted with ether ; aud the ethereal solution suturalcd with dry 
CO v , which generally prcciiiitatcs sonic of tin; alkaloids. Tho ethereal 

* SSetl,f. analytixchc (fhanif, 1890, -11.1, 

'1 Sulmi, Ga-f.tt. Ghmi, lUU ., , v-j, 1515 -10(», ami .Aoooi, CV/c/s, rSiw:,, i, , 1S/7, U3. 
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solution is then poured into clean vessels, and mixed with a-lmut 1ml i 
its volume of water, through which a cur rent of CO,, is passed far t.wmt v 
minutes; this may cause the precipitation of other alkaloids not. thrown 
down by dry C0 2 . If the whole of the alkaloids arc not obtainnl W 
these means, the solution is dehydrated by agitation with barium 
and a solution of tartaric acid in ether is added (care luting tuken ti < 
avoid excess) ; this throws down any alkaloid still present. The dclrr 
tion of any yet remaining in the viscera is eflbcted by mixing with 
barium hydrate and a little water, and agitating with pnnjb'd n-niyln' 
alcohol; from the alcohol the alkaloids may lie subsequently ox tra- 'till 
by agitation with very dilute sulphuric acid. 

Another ingenious method (also the suggestion of Sclmi) is to < I'oat 
the organic substance with alcohol, to which a little sulphuric aitbl h.*w 
been added, to filter, digest with alcohol, and refilter. The filtrate's arc 
united, evaporated down to a smaller bulk, filta'ed, concentrated I" a 
syrup, alkalised by barium hydrate, and, after the addition of freshly 
ignited barium oxide and some powdered glass, exhausted with *lry 
ether; the ether filtered, the filtrate digested with lead hydnit.u ; the 
ethereal solution filtered, evaporated to dryness, said iinally again t nhru 
up with ether, which, this time, should leave on evaporation the alkaloid 
almost pure. 

§ 309. Dragendorff’s Process. —To Dragendorif w<r owe an ehuborafr 
general method of separation, since it is applicable not only to alkaloids, 
but to gluoosides, and other active principles derived from plants. II is 
process is essentially a combination of those already known, null i t.K dim 
tinctive features are the shaking up — (1) of the acid -fluid with tin! 
solvent, thus removing colouring matters and certain non-ul kiilnii Ini 
principles; and (2) of the same fluid made alkaline. 

I. The substauce, in as finely-divided form as possible, is digested for 
a few hour's in water acidified with sulphuric acid, at a tem purat. nm of 
40° to 50", and this operation is repeated two or three timers, with 
filtering and pressing of the substances; biter, tic extracts are uniti-d. 
This treatment (if the temperature mentioned is not exceeded) does not 
decompose the majority of alkaloidsor other active sntistiui cos ; lmt flit urn 
are a few (e.g. solanine and colchicine) which woald lie altered l,y Ji ; 
and, if such are suspected, maceration at the common terujiemtu rt< in 
necessary, with substitution of acetic for sulphuric acitb* 

II. The extract is next evaporated until it begins to he of a ayrujpy 
consistence ; the residue mixed with three to four times its volume of 
alcohol, macerated for twenty-four hours at about 34), allowed to become 

* 'When blood is to be examined, it is better to dry it, and tlnm powder oiot 
extract with water acidified with dilute sulphuric acid. However, if the s»~«'n.ll«-il 
volatile alkaloids are suspected, this modification is to lie omitted. 
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quite cool, and filtered from the foreign matters which have separated. 
The residue is washed with, alcohol of 70 percent. 

III. The filtrateisfreed from alcohol by distillation, the watery residne 
poured into a capacious flask, diluted (if necessary) with water, and 
filtered. Acid as it is, it is extracted at the common temperature, with 
frequent sha king, by freshly 'rectified petroleum ether; and, after the 
fluids have again separated, the petroleum ether is removed, carrying 
with it certain impurities (colouring matter, etc.), which are in this way 
advantageously displaced. By this operation ethereal oils, carbolic acid, 
picric add, etc., which have not been distilled, besides piperin, may also 
be separated. The shaking up with petroleum ether is repeated several 
times (as long as anything remains to be dissolved), and the products are 
evaporated on several watch-glasses. 

The fluid is next successively shaken up with benzene and chloroform, 
the solvents being removed and evaporated as before, the last traces of 
chloroform are removed by petroleum ether, and the liquid allcalised by 
ammonia is shaken up successively with petroleum ether, benzene, 
chloroform, and lastly amyl alcohol. 

The original process was based upon the supposed fact that volatile 
solvents, such as ether, petroleum ether, acetic acid, tetrachloride of 
carbon, extracted from acid solutions, fats, glucosides, and various non* 
alkaloidal substances, while the same solution allcalised gave np to an 
appropriate solvent alkaloidal substances — the said allcaloidal substances 
being, with a few exceptions, almost insoluble in the volatile solvent 
acting on acid solutions, This has now been shown to bconly tme to a 
certain extent. For example, Kippeuberger has shown that 200 mgrms. 
of strychnine dissolved in 70 c,c. of water, acidified by 2 c.c. of IIC1, and 
the whole shaken up with 50 c.c. of chloroform, is taken up by the 
solvent to the extent of 43 to 49 percent. ; 200 mgrms. of papaverine 
dissolved with 1 c.c. of HCI in 70 c.c. of water can, by repeated shaking 
with chloroform, be entirely extracted ; and, according to the dilution 
and the kind and strength of acid, a great number of the alkaloids may 
be to a considerable extent shaken out of acid solutions. The reason 
of this is that dissociation of the alkaloidal salt takes place under 
catain conditions of dilution and acidify; then the alkaloidal base is 
soluble in the volatile solvent, the hydrochlorides being more easily 
dissociated than the sulphates, and, therefore, sulphuric acid being tho 
more suitable to use ; the solutions must not be too dilute. 

Dragendorffs process, or modifications thereof, is seldom employed 
now for the direct extraction of poisons, but is useful for tlic investi* 
gation of the extracts obtained by the Stas* Otto process. 

Kippenbergeris modification of DragendorfF's process is as follows: 1 ' 
* Zcit.J, a/ialytiscJic OlwHie, 1900, 290. 
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—The fluid, which should be as free from mineral salts as possible, is 
acidified with sulphuric acid until it contains at least 1 per ccut. frw 
sulphuric acid ; it is warmed to 30“ C„ allowed to cool, and then slink m 
up twice with petroleum ether (b.p. 30° -50“) in a separating funnel. 

The petroleum ether extracts fat, fatty acids, veratrokliu, jervm- 
Nanthin bases, and other matters. 

The petroleum ether remaining in the fluid is completely got rv 1 <>f 
by evaporation in the waterffiath, cooled, and shaken up with chloroform ; 
this removes from the acid solution oolchicin, digitalin, pirumtoxin, 
cantharidin, papaverin, aconitine, nareein, jervin, geisospermin, ouflidn ; 
it also extracts some delphinin, bracine, emetine, and thclw-ino, mid 
mere traces of narceine, strychnine, veratrine, and cocaine. 

The acid liquid may now be alkalised with weak soda solution, mid 
si lake n with chloroform. The chloroform extracts sparteine, coniine, 
nicotine, atropine, codeine, emetine, brucine, strychnine, vcratriim, 
delphinine, pilocarpine, apomorphine, hyoscyaminc, daturine, scopnhi- 
mine, and alkaloids generally soluble in chlorofonn ; it must 1«> 
noted that indie alkaline liquid there may remain morphine, narcotine, 
papaverine, aconitine, and caffein. To the alkaline fluid is now added a 
concentrated solution of sodic bicarbonate and common salt, the latter 
in the proportion of 15 gms. per cent., and the liquid again lioatrd 
with chloroform to which 10 per cent, alcohol has been added ; t.liis 
dissolves out morphine, narceine, and stropbautine. 

I f the shaking out process of Dragendorff is applied to quite small 
quantities of fluid, say up to 50 c.e., derived from an alcoholic extract , 
there is seldom any practical difficulty in its execution ; if, on the other 
hand, solutions containing mucus, peptones, albnmoscs, and cairhahydrat cH 
are treated by the volatile solvents, emulsions arc obtained, difficult, to 
separate. Some partial success in separation is possible by warming I, Iks 
mixture, and also by whirling the separating fmruel and its contents in 
a centrifugal apparatus ; but unless neat, welbdefined separations occur, 
the process should not be used, 


§ 310, Soheibler’s Process, — This is to precipitate the phosphotungstatn oft.lv 
alkaloid, and then to liberate the latter by digesting tho prod pita to with dither 
hydrate of barium or hydrate of calcium, dissolving it out by chiiirnfonu, or, if 
volatile, by simple distillation. The details of Scheiblcfs process am as follows, 

The organic mixture is repeatedly extracted by water strongly acidified -with 
sulphuric acid ; the extract is evaporated at 30° to the consistence of a thin syi'ut i • 
then diluted with water, and after several hours’ standing, filtered iu a coni place,' 
To the filtered fluid phosphotungs tic acid is added in excess, the precipitate lil tomi 
washed with water to which some phosphotungstic acid solution lias been added' 
a “ stl J. moist > rinsed lnto a flask, Caustic baryta or carbonate of potash is 

added to alkaline reaction, and after the flask has been connected with bullw coif 

H lhY If , at fil ' 3t Sl0,wly ’ then more stal ^ Ammonia and nay 

volatile alkaloids are driven over into the acid, and arc them fixed, awl can he 
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examined later by suitable methods. The residue in the flask is carefully evaporated 
to dryness (the excess of baryta having been precipitated by C0 2 ), and then extracted 
by strong alcohol. On evaporation of the alcohol, tire alkaloid is generally sufficiently 
pure to beexamiued, or, if not so, it may be obtained pure by resolution, etc. 

Scheibler’s process cannot be used with advantage directly on watery- 
acid extracts of the organs, for it not only precipitates alkaloids, but 
also invariably gives voluminous precipitates with ordinary flesh ex- 
tracts, so that a preliminary purification from albuminous matters by 
alcohol or glycerin tannin is necessary. 

§ 311. Grandval and Lajoux’s Method.* — The alkaloids are precipitated from a 
solution slightly acidified by hydrochloric or sulphuric acid by a solution of hydrarg* 
potassium iodide. The precipitate is collected on a filter, washed and then trans 
ferred to a flask ; drop by drop, a solution of sodium sulphide is added ; after each 
addition the suspended precipitate is shaken and allowed to stand for a few minutes, 
and a drop of the liquid taken out and tested with lead acetate ; directly a slight 
brown colour appears, sufficient sodic sulphide has been added. The liquid is now left 
for half an hour, with occasional shaking. Then sulphuric acid is added until it is 
just acid, and the liquid is filtered and the mercury sulpiride well washed. In the 
filtrate will be the sulphate of any alkaloid in solution ; this liquid is now made 
alkaline with, soda carbonate and shaken up, as in Dragendorffs process, with 
appropriate solvents j such, for example, as ether, or chloroform, or acetone^ or amylic 
alcohol, according to the particular alkaloid the analyst is searching for, and the 
solvent finally separated and allowed to evaporate, when the alkaloid is found in the 
residue. 

§ 312, Identification of the Alkaloids, — Having obtained, in one way or other, 
a crystalline or amorphous substance, supposed to be an alkaloid, or, at all events, an 
active vegetable principle, the next step Is to identify it. 

In medicodegal researches there is seldom any considerable quantity of the 
material to work upon, Hence the greatest care must be taken from the commence* 
ment not to waste the substance in useless tests, but to study well at the outset what 
— by the method of extraction used, the microscopic appearance, the reaction to 
litmus'paper, and the solubility tu different menstrua — it is likely to be. However 
minute the quantity may be, it is essential to divide it into different parts, in order 
to apply a variety of tests ; but as any attempt to do this on the solid substance will 
probably entail loss, the best way is to dissolve it in a watch. glass in half a c,c, of 
alcohol, ether, or other suitable solvent, Droplets of this solution are then placed 
on watch-glasses or slips of microscopic glass, and to these drops, by the aid of a 
glass rod, different reagents can be applied, and the changes watched under the 
microscope as the drops slowly evaporate, 

§ 313. Behrens’ Method of Identification of the Alkaloids. — The micro-cheiur 
cal methods of Behrens, aided by a few special tests, arc useful for the identification of 
certain of tho alkaloids, The results are trustworthy, provided similar tests are 
applied to puie samples of the particular alkaloid believed to be preseut 

Behrens t divides the alkaloids as follows; — 

1. Alkaloids which aro Callable of being distilled from an aqueous solution. 

2. Alkaloids soluble in water, hut which cannot be distilled. 

3. Difficultly soluble bases preeipitable by sodium carbonate soluble in soda, but 


* "Dosage des alcaloides a l’aidede l’iodure double demercureetde potassium,” 
par MM. A, Grandval et Henri Lajoux, Jowm. de Pharniacie, 5ser. t. xxviii. 152-156. 
t Zcit.f \ anal , Chcmic, 1904, 333, 
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precipitable from the alkaline solution by sodium bicarbonate or ammonium carbonate, 
such as morphine, apomorphine, and cupreine. 

i. The rarer opium bases precipitable by sodic carbonate insoluble in caustic 
soda solution, sueli as uarccin, narcotine, papaveriue, and tliebaiiie. 

5. Bases preci}itablc by sodium carbonate, but not precipitahle by sodium 
bicarbonate ; strychnine, brucine, veratriue. 

6. Quinine bases precipitable by sodium carbonate, also by sodium bicarbonate 
if not in too dilute solution. 

7. The rare quinine bases. 

The individual members of the group are then identified by their behaviour to 
potassie ferroeyauide, cobalt thioeyanide, platin chloride, and other reagents described 
in this work under the particular alkaloid. 

§ 314. Sublimation of the Alkaloids. — A very beautiful and elegant 
aid to the identification of alkaloids, and vegetable principles generally, 
is their behaviour towards heat. 

Alkaloids, glucosides, the organic acids, etc., when carefully heated, 
either — (1) sublime wholly without decomposition (like theine, cytisin, 
and others); or (2) partially sublime with decomposition; or (3) are 
changed into new bodies (as, for example, gallic acid) ; or (4) melt and 
then char ; or (5) simply char and bum away. 

Many of these phenomena are striking and characteristic, taking place 
at different temperatures, subliming in characteristic forms, or leaving 
characteristic residues. 

One of the first to employ sublimation systematically, as a means of 
recognition of the alkaloids, etc., was Helwig,* His method was to place 
a small quantity (from J to of a mgrm.) in a depression on 

platinum foil, cover it with a slip of glass, and then carefully heat by a 
small flame. After Helvfig, Dr, Guy f greatly improved the process by 
using porcelain discs, and more especially by the adoption of a convenient 
apparatus, which may be termed “the subliming cell.” It is essentially 
composed of a ring of glass from J to § of an inch in thickness, such as 
may be obtained by sections of tubing, the cut surfaces being ground 
perfectly smooth. This circle was converted into a closed cell by resting 
on it one of the ordinary thin discs of glass used as a covering for micro* 
scopic purposes, and supporting a similar disc. The cell was placed on 
a brass plate, provided with a nipple, which carried a thermometer, and 
was heated by a small flame applied midway between the thermometer 
and the cell ; the heat was raised very gradually, and the temperature at 
which any change took place was noted, In this way Dr. Guy made 
determinations of the subliming points of a large number of substances, 
and the microscopic appearances of the sublimates were described with 
the greatest fidelity and accuracy. On repeating with care Dr. Guy’s 

* Das Mikroscop in der Tomcologie. 

t Phariru Journ , Trans , (2), viij. 719 ; ix, 10, 58. Forensic Medicine, London, 
1S75. 



SUBLIMATION OF THE ALKALOIDS. 


259 


§ 3H-] 

determinations, however, the senior author could in no single instance 
agree with his subliming poiuts, nor with the apparatus he figures 
and describes could two consecutive observations exactly coincide. 
Further, on examining the various subliming temperatures of substances, 
as stated by different authors, the widest discrepancies were found — 
differences of 2 or even 3 degrees might be referred to errors of 
observation, a want of exact coincidence in the thermometers employed, 
and the like ; but to what, for example, can we ascribe the irrecon- 
cilable statements which have been made with regard to theine ? 
According to Strauch, this substance sublimes at 177° j according to 
Mulder, at 184 - 7°, But that both of these observations deviate more 
than 70° from the truth may be proved by any one who cares to place a 
few mgrms. of theine, enclosed between two watch-glasses, over the 
water. bath ; in a few minutes a distinct sublimate will condense on 
the upper glass, and, in point of fact, theine will be found to sublime 
several degrees below 100°. 

Since this great divergency of opinion is not found either in the 
specific gravity, or the boiling-points, or any of the like determinations 
of the physical properties of a substance, it is self-evident that the 
processes hitherto used for the determination of subliming points are 
faulty. The sources of error are chiefly — 

(1) Defects in tlie apparatus employed — the temperature read being 
rather that of the metallic surface in tlie immediate vicinity of the 
thermometer than of tlie substance itself. 

(2) The want of agreement among observers as to what should be 
called a sublimate — one considering a sublimate only that which is 
evident to the naked eye, another taking cognisance of the earliest 
microscopic film. 

(3) No two persons employing the same process. 

With regard to the apparatus employed, the senior author adopts 
Dr. Guy’s subliming cell ; but the cell, instead of resting on a metallic 
solid, floats on a metallic fluid. For any temperature a little above 
100° this fluid is mercury, but for higher temperatures fusible metal is 
preferable. 

The exact procedure is as follows: — A porcelain crucible (c in fig.), 
about 3 inches in diameter, is nearly filled with mercury or fusible 
metal, as the case may be ; a minute speck (or two or three crystals of 
the substance to be examined) is placed on a thin disc of microscopic 
covering glass, floated on the liquid, and the cell is completed by the 
glass ring and upper disc. The porcelain crucible is supported on a 
brass plate (6), fixed to a retort-stand in the usual way, and protected 
from the unequal cooling effects of currents of air by being covered by a 
flask (c), from which the bottom has been removed. The neck of the 
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flask conveniently supports a thermometer, which passes through n cork, 
and the bulb of the thermometer is immersed in the hath of liquid metal. 
In the first examination of a substance the temperature is raised some- 
what rapidly, taking off the upper disc with a forceps at every 10° and 
exchanging it for a fresh disc, until the substance is destroyed. The 
second examiuatiou is conducted much more slowly, and the discs 
exchanged at every 4° or 5°, whilst the final determination is effected by 
raising the temperature with great caution, and exchanging the discs at 
about the points of change (already partially determined) at every half 
degree. All the discs are examined microscopically. The most con- 
venient definition of a sublimate is this — die most minute films, dots, or 
crystals, which can be observed by ^-incli 
power, and which are obtained by keeping 
the subliming cell at a definite temperature 
for 60 seconds. The commencement of many 
sublimates assumes the shape of dots of 
extraordinary minuteness, quite invisible to 
the unaided eye ; and, on the other hand, 
since the practical value of sublimation is 
mainly as an aid to other methods for tin- 
recognition of substances, if we go beyond 
short intervals of time, the operation, other- 
wise simple and speedy, becomes cumber- 
some, and loses its general applicability. 

There is also considerable discrepancy of 
statement with regard to the melting' point 
of alkaloidal bodies ; in many install cos a 
viscous state intervenes before the final com- 
plete resolution into fluid, and one observer 
will consider the viscous state, the other complete fluidity, as the 
melting-point, 

In the melting-points given below, the same apparatus was used, but 
the substance was simply placed on a thin disc of glass floating on the 
metallic bath before described (the cell not being completed), and 
examined from time to time microscopically, for by this means alone 
can the first drops formed by the most minute and elosely-adherent 
crystals to the glass be discovered, 

Cocaine melts at 93”, and gives a faint sublimate at 98° ; if put 
between two watch-glasses on the water-batli, in fifteen minutes there 
is a good cloud on the upper glass. 

Aconitine turns brown, and melts at 179° C. ; it gives no character- 
istic sublimate up to 190°, 

Morphine, at 150°, clouds the upper disc with nebulas ; the nebular 
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are resolved by high magnifying powers into minute dots ; these dots 
gradually become coarser, and are generally converted into crystals at 
188° ; the alkaloid browns at or about 200°. 

Thebaine sublimes in theine-like crystals at 135° ; at higher tempera- 
tures (160° to 200°), needles, cubes, and prisms are observed. The 
residue on the lower disc, if examined before carbonisation, is fawn- 
coloured with non -characteristic spots. 

Uarcotine gives no sublimate ; it melts at 155° into a yellow liquid, 
which, on raising the temperature, ever becomes browner to final black- 
ness. On examining the residue before carbonisation, it is a rich brown 
amorphous substance ; but if narcotine be heated two or three degrees 
above its melting-point, and then cooled slowly, the residue is crystalline 
— long, fine needles radiatiug from centres being common. 

Narceine gives no sublimate ; it melts at 134° into a colourless 
liquid, which undergoes at higher temperatures the usual transition of 
brown colours. The substance, heated a few degrees above its melting- 
pointi and then allowed to cool slowly, shows a straw-coloured residue, 
divided into lobes or drops containing feathery crystals. 

Papaverine gives no sublimate ; it melts at 130°. The residue, heated 
a little above its melting-point, and then slowly cooled, is amorphous, 
of a light brown colour, and in no way characteristic. 

Hyoscyamine gives no crystalline sublimate ; it melts at 89°, and 
appears to volatilise in great part without decomposition. It melts into 
an almost colourless fluid, which, when solid, may exhibit a network 
not unlike vegetable parenchyma; on moistening the network with 
water, interlacing crystals immediately appear, If, however, hyoscya- 
mine be kept at 94° to 95° for a few minutes, and then slowly cooled, 
the edges of the spots are arborescent, and the spots themselves 
crystalline. 

Atropine (daturine) melts at 97° ; at 1 23° a faint mist appears on 
the upper disc, Crystals cannot be obtained ; the residue is not 
characteristic. 

Solanine, — The upper disc is dimmed with nebulae at 190°, which 
arecoarsa' and more distinct at higher temperatures ; at 200° it begins 
to brown, and then melts; the residue consists of amber-brown non- 
characteristic drops. 

Strychnine gives a minute sublimate of fine needles, often disposed 
in lines, at 169”; about 221° it melts; tbe residue (at that temperature) 
is resinous 

Brucine melts at 151° into a pale yellow" liquid, at higher tempera- 
tures becoming deep brown. If the lower disc, after melting, be 
examined, no crystals are observed, tbe residue being quite transparent, 
with branching lines like the twigs of a leafless tree; light mists, pro- 
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duced rather by decomposrtion than by true sublimation, condense on 
the upper disc at 185° and above. 

Sap onin neither melts nor sublimes ; it begins to brown about 1 In , 
is almost black at 185°, and quite so at 190°. 

Delphinine begins to brown about 102 ; it becomes amber at 110, 
and melts, and bubbles appear. There is no crystalline sublimate j 
residue not characteristic. 

Pilocarpine gives a distinct crystalline sublimate at 153° ; lmt thin 
mists, consisting of fine dots, may be observed as low as 140°. Pilo- 
carpine melts at 159°; the sublimates at 160° to 170° arc in light, 
yellow drops. If these drops are treated with water, and the water 
evaporated, feathery crystals are obtained ; the residue is resinous. 

Theine wholly sublimes; the first sublimate is minute dots, at 70° ; 
at half a degree above that very small crystals may lie obtained ; and 
at sucli a temperature as 120°, the crystals are often long and silky. 

Theobromine likewise wholly sublimes ; ncbnhe at 134”, crystals 
at 170° and above. 

Salicin melts at 170° ; it gives no crystalline sublimate. The melted 
mass remains up to 180° almost perfectly colourless; above that tem- 
perature browning is evident. 'The residue is not characteristic. 

Picrotoxin gives no crystalline sublimate. The lowest temperature 
at which it sublimes is 128° ; the usual nebula; thou make their appear- 
ance ; between 165° and 170" there is slight browning ; at 170° it rnolbs. 
The residue, slowly cooled, is not characteristic. 

Cantharidin sublimes very scantily between 82° and 83° ; at, 85" the 
sublimate is copious. 

The active principles of plants may, in regard to their behaviour to 
heat, be classed for practical purposes into — 

1. Those which give a decided crystalline suldimatc : 

(a) Below 100°, e.g. cocaine, theine, thebaine, cantharidin. 

(b) Between 100° and 150°, e,g, quinetum, 

(c) Between 150 and 200°, e.<j. strychnine, morphine, 

pilocarpine. 

2. Those which melt, but give no crystalline sublimate ; 

(a) Below 100°, e,g, hyoscyamiuc, atropine, 

(b) Between 100° and 150°, e,y, papaverine. 

(c) Between 150° and 200°, e.y. salicin. 

(d) Above 200°, 'e.y, solaniue. 

3. Those which neither melt nor give a crystalline sublimate, «.</. 
saponin. 

§ 315. Melting-point. — The method of sublimation just given also 
determines the melting-point; such a determination will, however, 
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seldom compare with the melting-points of the various alkaloids as 
given in text-books, because the latter melting-points are not determined 
in the same way. The usual method of determining melting-points is 
to place a very small quantity in a thin glass tube closed at one end ; the 
tube should be almost capillary. The tube is fastened to a thermometer 
by tueaus of platinum wire, and then the bulb of the thermometer, 
with its attached tube, is immersed in strong sulphuric acid or paraffin, 
contained in a flask, The thennometer should be suspended midway 
in the liquid and heat carefully applied, so as to raise the temperature 
gradually and equably. It will be found that rapidly raising the heat 
gives a different melting-point to that which is obtained by slowly 
raising the heat. During the process careful watching is necessary : 
most substances change in hue before they actually melt. A constant 
melting-point, however often a substance is purified by recrystallisation, 
is a sign of purity. 

§ 316, Identification by Organic Analysis. — In a few cases (and iu 
a few only) the aualyst may have sufficient material at hand to make 
an organic analysis, either as a means of identification or to confirm 
other tests. By the vacuum process described in “ Foods,” in which 
carbon and nitrogeu are determined by measuring the gases evolved 
by burning the organic substance in as complete a vacuum as can be 
obtained, very minute quantities of a substance can be dealt with, and 
the carbon and nitrogen determined with fair accuracy. It is found 
in practice that the carbon determinations appear more reliable than 
those of the nitrogen, and there are obvious reasons why this should 
be so. 

Theoretically, with the improved gas-measuring appliances, it is 
possible to measure a c.c. of gas ; but few chemists would care to create 
a formula on less than 10 c.c. of C0 2 . Now, since 10 c.c. of C0 2 is equal 
to 6‘33 mgnns. of carbon, and alkaloids average at least half their 
weight of carbon, it follows that 12 mgnns. of alkaloid represent about 
the smallest quantity with which a reliable single combustion can 
be made. 

The following determinations may also be of service occasionally in 
identifying the alkaloids. 

Oxygen . — The majority of the alkaloids contain oxygen, but there 
is no oxygen in coniine, mcthylconiine, y-coniceme, nicotine^ nicotinine, 
nicotuine, niootelline, sparteine, lupinidiuc, enrarine, conessinc, aribiue, 
adenine, and hymenodictine. 

Methoxyl groups may be determined by Zeisel’s method, which 
consists in boiling from 0'2 to 0'3 gramme of the substance with 
10 c.c. of hydriodic acid of sp, gr. F68, and i>assing the methyl iodide 
formed into a solution of silver uitrate. From the weight of silver 
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iodide formed, the number of methoxyl groups may be calculated, 
one molecule of silver iodide = one methoxyl group. There is one 
methoxyl group in quinine and codeine, two in hydmstine and 
brucine, three in narcotine, four in papaverine and aconitine, and six 
in pseudaconitine. 

Nitrogen. — By a modification of Zeisel’s method the methyl groups 
attached to nitrogen may be determined, methyl being the only 
alcoholic radical which occurs attached to the nitrogen of alkaloids. 
Herzig and Meyer have shown that when the hydriodic acid salt 
of the base is subjected to dry distillation, the methyl groups are 
eliminated as methyl iodide, and may be determined by means of 
silver nitrate. Thus it has been found that chrysauthemine and 
caffeine contain one methyl group ; eusohygrine, narceine, and theo* 
bromine contain two ; trigonelline, arecoline, methyl coniine, nicotine, 
hygrine, pseudopelleturine, atropine, cocaine, morphine, codeine, nar* 
cotine, and eserine contain one; and lupinine, lupanine, cinchonine, 
and harmalinc none. 

§ 317. Quantitative Estimation of the Alkaloids. — For medico- 
legal purposes the alkaloid obtained is usually weighed directly, but 
for technical purposes other processes are used. One of the most 
convenient of these is titration with d.n. acid, using a suitable 
indicator. 

Kippenberger* has shown, in a special research, that the choice of 
an indicator is not indifferent, some indicators giving to titration values 
for the alkaloids entirely erroneous ; he gives the following list of 
suitable indicators ; those in brackets may be used, but are not as 
suitable as the others, 

Atropine. — lodeosin (methyl -orange), azolithmin, kaamtoxylin, laemoid, cochi- 
neal, u ranine, 

Morphine, — ( lodeosin), cochineal, laemoid. 

Aconitine, — lodeosin, azolithmiu, hiematoxylin, cochineal. 

Veratrine. — lodeosin, haimatoxylin, cochineal, iaemoid. 

Thebaine, — lodeosin, urauine (liaimatoxylin), cochineal, laemoid. 

Codeine, — lodeosin (azolithmiu), uranine, hsematoxylin, cochineal, laemoid. 

Cocaine, — Laemoid, uranine, cochineal, hamatoxylin. 

Strychnine, — lodeosin, azolithmiu (uranine), litematoxylin, cochineal, laemoid. 

Bruoine, — lodeosin, azolithmin (uranine), hoematoxyliu, cochineal (laemoid). 

Nicotine, — ( lodeosin, urauine, coeliineal), laemoid. 

Coniine, — lodeosin (methyl -orange, azolithmin), lirematoxylin, alkannin, cochi- 
neal, laemoid, Congo-red, 

Sparteine, — A zolithmin (uranine), haimatoxylin, phenoljilithaleiii, alkauuiu. 

Papaverine, —Laemoid, 

A reagent of general application is found in the so-called Mayer’s 
reagent , which consists of I3'546 grms. of mercuric chloride, and 49'S 
* Zeit. /, anal. Chciuic, 1900, 301. 
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gnus. of iodide of potassium in a litre of water. Each c.c. of such 


solution precipitates — 


Of Strychnine, .... 

'0167 gnu. 

„ Brucine, 

. '0233 ,, 

„ Quiuinc, ..... 

. '0108 ,, 

„ Cinchonine, .... 

. '0102 ,, 

„ QuiuMino, .... 

. . '0128 „ 

„ Atropine, 

. ‘0145 ,, 

„ Aconitine 

. '0268 ,, 

„ Veratrine 

. '0269 ,, 

,, Morphiue, . .... 

. '0200 ,, 

,, Nareotiuc, 

. '0206 t , 

,, Nicotine 

O 

O 

O 

,, Coniine, ..... 

. '00416 ,, 


The final reaction is found by filtering, from time to time, a drop on 
to a glass plate, resting on a blackened surface, and adding the test 
until no precipitate appears. The results are only accurate when the 
strength of the solution of the alkaloid is about 1 : 200, and when the 
solutions are pure; so that it is ubsolu tely necessary first to ascertain 
approximatively the amount present; and then to dilute or concentrate, 
as the case may be, until the proportion mentioned is obtained. 

Similarly, the iodine solution described on p. 253 may be used volu- 
metrically by precipitating the alkaloid by the solution, filtering, and 
then ascertaining by means of thiosulphate solution the amount of free 
iodine in the filtrate; if the iodine solution is standardised by approii* 
mately equal weights of the particular alkaloid under investigation, tbe 
process is capable of giving fair results, although more adapted for 
technical use than for forensic cases, as the precipitates, both with 
iodine and Meyer’s reagent, have not always a definite composition, 
being influenced by solubility, concentration, and the presence of other 
bodies. 

It is useful for quantitative purposes to combine an alkaloid with 
gold or platinum, by treating the solution with the chlorides of either 
of those metals — the rule as to selection being to give that metal the 
preference which yields the most insoluble and the most erystalli sable 
oompound. 

The following table gives the percentage of gold or platinum left on 


ignition of the double salt: — 

ffotil. rtattmiM. 

Atropine, 31-57 

Aconitine, 20'0 

Amanitine 44'23 

Berberine 2916 1811 

Brudne 16’52 

Cinchonine, , . , , . ... 27'36 

Cinchonidine, 2 7'87 



266 


POISONS : THEIR 


Go (Hue, 

Coniine, 

Curarine, 

Delphinine, 

Delphinoidine, 

Emetine, 

Hyoscyamiuc, 

Morphine, 

Muscarine, . 

Narcotine, 

Narceine, 

Nicotine, 

Papaverine, . 

Pilocarpine, . 

Pipeline, 

Quinine, 

Strychnine, . 

Thebaine, 

Theiue, 

Theobromine, 

Ventriuo, 
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Sold. 

26-7 

29‘0 

3*i'6 

*13-01 

1p-7 

3fr 5 

40-0 

29-15 

37-02 

21-01 


ptoiiinmi. 

Ill'll 
2[r-3.s 
;« '«:> 

IS -8 
2!i-7 

111-52 

15 'll 

14'f-‘J 

;i4-2"> 

17 '82 

tu‘25-2 

12-7 
211-26 
lK'lfi 
Id-71 
2*1 '58 
25*56 


II.— Liquid Volatile Alkaloids- 

THE ALKALOIDS OF HEMLOCK — NICOTINK — 1'ITUtllE srAUl'Kl N K 

1, THE ALKALOIDS OP HEM. LOGIC (CONIUM). 

§ 318. The Conium maaulatum, or spotted hemlock, in a nit, lwri- 
common umbelliferous plant, growing- in waste places, and flowering 
fran about the beginuing of June to August. The stem is fi-oiu three 
to five feet high, smooth, branched, and spotted with purple j the 
leaflets of the partial involucres are unilateral, ovate, lanceolate, with 
an attenuate point shorter than the umbels ; the seeds are destitute of 
vittie, and have five prominent crenate wavy ridges. The whole plant 
is foetid and poisonous, Conium owes its active properties to the 
liquidalkaloids Coniine and y-Conicerne, with a crystalline alkaloid, 
Conhydrine. Small quantities of Pseudoconhydrine and Methylconiiue 
also occur in the plant. The alkaloids are in the plant combined with 
malic and caffeic acid, 

§ 319. Coniine (conia, conicine), (C s H i 7 N)— specific gravity 0-HG2 
at 0 , 0'845 at 20° j melting-point, — 2 5° ; boiling-point, 16G-6". Pure 
coniine has been prepared synthetically by Ladenbuvg, and found to 
be a-propyl -piperidine, but the syntheticallyqa-optti'od 

piperidine has no action on polarised light. By uniting it with dextro- 
tartaric acid, and evaporating, it is possible to separate the suhstaiure 
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into dextro-a-propyl-piperidine and la; vo-a-propyl-piper id ine , The fonner 
is in every respect identical with coniine from hemlock ; it is a dear, 
oily fluid, possessing a peculiarly unpleasant, mousy odour. One part 
is soluble in 150 parts of water,* in 6 parts of ether, and in almost all 
proportions of amyl alcohol, chloroform, and benzene. It readily 
volatilises, and, provided air is excluded, may be distilled unchanged. 
It ignites easily, and burns with a smoky flame. It acts as a strong 
base, precipitating the oxides of metals and alkaline earths from their 
solutions, and it coagulates albumen. Coniine forms salts with hydro 
chloric acid (CgHjjN.HCl), phosphoric acid, iodic acid, and oxalic acid, 
which are in well-marked crystals. The sulphate, nitrate, acetate, 
and tartrate are, ai the other hand, non-crystalline. 

If coniine is oxidised with nitric acid, or bichromate of potash, and 
diluted sulphuric acid, butyric acid is formed ; and since the latter has 
an unmistakable odour, aud other characteristic properties, it has been 
proposed as a test for coniine. This may be conveniently performed 
thus i — A crystal of potassic bichromate is put at the bottom of a test 
tube, and some diluted sulphuric acid with a drop of the supposed 
coniine added. On heating, the butyric acid re veals itself hy its odour, 
and can be distilled into baryta water, the butyrate of baryta being 
subsequently separated in the usual way, and decomposed by sulphuric 
acid, etc. 

Another test for coniine is the following If dropped into a solution 
of alloxan, the latter is coloured after a few minutes an intense purple* 
red, and white needle-shaped crystals are separated, which dissolve in 
cold potash-lye into a beautiful purple-blue, and emit an odour of the 
baset Dry hydrochloric acid gives a purple-red, then an indigo-blue 
colour, with coniine ; but if the acid is not dry, there is formed a bluish- 
green crystalline mass, This test, however, is of little value to the 
toxicologist, the pme substance alone responding with any definite result. 

The ordinary precipitating agents, according to Dragcndorff, act as 
follows : — 

Potass, bismuth iodide, 

1 : 2000, a strong orange precipitate, 

1 : 3000. Thedropoftlie reagent is surrounded withamuddy border. 

1 : 4000. The drop of the reagent is surrounded with a muddy border. 

1 ; 50 OO, still perceptible. 

1 : 6000, The last limit of the reaction. 

Phosphomolybdic acid gives a strong yellow precipitate j limit, 
1:5000. 

The saturated watery solution of connate at 15° becomes cloudy if gently 
warmed, and clears again on cooling. 

t Schwarzenbacli, Vievttijakrsschr, f prakt. PAatm , , viij, 170. 
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Potass, mercuric iodide gives a cheesy precipitate ; limit, 1 : 1000 in 
neutral, 1 : 800 in acid, solutions. 

Potass, eadmic iodide gives an amorphous precipitate, 1 : 300. The 
precipitate is soluble in excess of the precipitant. (Nicotine, under 
similar circumstances, gives a crystalline precipitate.) 

Fliickiger recommends the following reaction : * — “ Add to 10 drops 
of ether in a shallow glass crystallising dish 2 drops of coniine, and cover 
with filter* paper. Set upon the paper a common-sized watch-glass 
containing bromine water, and invert a beaker over the whole arrange- 
ment. Needle-shaped crystals of coniine hydro-bromine soon fonn in 
the dish as well as in the watch-glass.” Hydrochloric acid, used in the 
same way, instead of bromine water, forms with coniine microscopic 
needles of coniine hydrochlorate ; both the hydro-bromide and the 
hydrochlorate doubly refract light. Nicotine does not respond to 
this reaction. 

Coniine forms with carbon disulphide a thiosulphate and a sulphite. 
If carbon disulphide, therefore, be shaken with an aqueous solution of 
coniine, the watery solution gives a brown precipitate with copper sul- 
phate, colours ferric chloride solution dark brown-red, and gives a milky 
opalescence with dilute acids. If coniine itself is added to carbon 
disulphide, there is evolution of heat, separation of sulphur, and forma- 
tion of thiosulphate. Nicotine does not respond to this reaction. 

§ 320. The Constitution of the Coniine Bases . — Coniine is the 
dextromodification of ocpropylpiperidine, 

CH, 

H 2 C - /X ' oh 2 

1I 2 C CH - CH, - CH 2 - OH, 

N 

H 

Coniine. 

If the hydrochloride is distilled with zinc dust conyrine or a -propyl-pyri- 
dine is formed, 

/\ 

\y C 4 H 7 
N 

Conyrine, 

The coninemes are a-p'opylpiperi dines. Five isomers have been 

prepared, of which a -conic erne and y-coniceme are more poisonous 
than coniine. 

* licactions, by F, A. Fliickiger, Detroit, 1893. 
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a.coniceine is a liquid 'which boils at 158°. -y. conic cane occurs in 

Conium maculatum and also in commercial coniine j it is a liquid 
boiling at 171°— 172°, optically inactive, and reduced by tin and Id Cl or 
sodium and alcohol to inactive coniine, 


H.jC 


OH 2 

A CH 


H,C C-CjH t 

N 

K 


y-eoiiicei'rte. 


Conhydrine is found in Conium maculatum. Crystallises from, ether 
in colourless leaflets. Melts at 118°. Distils at 225°-226°. Soluble in 
alcohol and in ether. Polarises to the right. It is an hydroxylated 
coniine, and may be provisionally represented thus — 


H 

A 

OH 

H.jC 

A 

CH. 

HjC 

A 

- CH - CiH 7 


N 



H 



Pseudoconhydrine is isomeric with conhydrine and has similar 
properties. It is a crystalline deliquescent powder, soluble in water, 
alcohol, and ether, Melts at I01°-102°, boils at 229°— 231°. Polarises 
to the right. Is probably a stereoisomer of conhydrine. 

Methykoniine is a colourless liquid, Sp, gr, 0'8318 at 24°. Boils 
at 173°— 174°. Polarises to trie left. 


CH 5 

H..C A CH., 


H.,C 


X/ 

N 


CH-C,H 7 


oh 3 

MetJiylcmiv<t c. 


§ 321. Pharmaceutical Preparations, — The percentage of coniine in 
the plant itself, and in pharmaceutical preparations, can be approxi- 
mately determined by distilling the coniine over, in a partial vacuum,'*' 

* This is easily effected by uniting a flask containing the allcaloida] fluid, air- 
tight, with a Liebig’s condenser and a receiver, the latter being connected with 
Bunsen’s water-pump, or one of the numerous exhausting apparatus now in use in 
every laboratory, 
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and titrating the distillate with Meyer’s reagent, each c.c. = '00416 grin, 
of coniine. It appears to be necessary to add powdered potassic chloride 
and a small quantity of diluted sulphuric acid before titrating, or the 
precipitate does not separate. In any case, the end 'of the reaction is 
difficult to observe,* 

The fresh plant is said to contain from about '04 to '09 per cent., 
and the fruit about 0‘7 per cent, of coniine. 

The officinal preparations are — the leaves, the fruit, a tincture of 
the fruit, an extract of the leaves, the juice of the leaves ( Succus conii) y 
a compound hemlock pill (composed of extract of hemlock, ipecacuanha, 
and treacle), an inhalation of coniine ( Vapor conn), and a poultice 
( Cataplasma conii) made with the leaves. 

g 322. Statistics of Coniine Poisoning. — F. A. Falck f has been 
able to collect 17 cases of death recorded in medical literature, up to 
the year 1880, from either coniine or hemlock. Two of these cases 
were criminal (murders), 1 suicidal, 2 cases in which coniine had been 
used medicinally (in one instance the extract had been applied to a 
cancerous breast ; in the other, death was produced from the injection 
of an infusion of hemlock leaves). The remaining 12 were cases in 
which the root, leaves, or other portions of the plant had been 
Ignorantly or accidentally eaten. 

g 323. Effects on Animals. — It destroys all forms of animal life. The 
senior author made some years ago an investigation as to its action ou 
the common blow -fly, Droplets of coniine were applied to various parts 
of blow-flies, which were then placed under glass shades, The symptoms 
began within a minute by signs of external irritation ; there were rapid 
motions of the wings, and quick aud aimless movements of the legs. 
Torpor set in speedily, the buzz soon ceased, aud the insects lay ou 
their sides, motionless, but for occasional twitching of the legs. The 
wings, as a rule, became completely paralysed before the legs, and 
death occurred at a rather variable time, from ten minutes to two 
hours. If placed in a current of air in the sun, a fly completely 
under the influence of coniine may recover, Coniine causes in frogs, 
similar to curarine, peripheral paralysis of the motor nerves, combined 
with a transitory stimulation, and afterwards a paralysis of the motor 
centres; in frogs the paralysis is not preceded by convulsions. Drageudorff 
experimented on the action of coniine when given to five cats, 
the quantities used being '05 to '5 grm. The symptoms came on 
almost immediately, but with the smaller dose given to a large 
cat, no effect was witnessed until twenty-five minutes afterwards ; 

* Drageudorff, Die chcmische Werthbestimmwii/ ciniger siarkwirlcender Droyuen, 
St, Peteisb., 1874 , 

t PraM , Toxicologie, p. 273 . 
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this was tlie longest interval. One of the earliest phenomena 
was dilatation of the pupil, followed by weakness of the limbs passing 
into paralysis, the hinder legs being affected prior to the fore. Tlie 
respiration became troubled, and the frequency of the breathing dim- 
inished; the heart in each ease acted irregularly, and the sensation 
generally was blunted ; death was preceded by convulsions. In the 
cases in which the larger dose of '4 to '5 grm. was administered, death 
took place within the hour, one animal dying in eight minutes, a second 
in eighteen minutes, a third in twenty minutes, and a fourth in fifty- 
eight minutes. With the smaller dose of '051 grm, given to a large cat, 
death did not take place until eight hours and forty-seven minutes after 
administration, 

§ 324. Effects on Man,— In a case recorded by Ben net,'*' and quoted 
in most works on forensic medicine, the symptoms were those of general 
muscular weakness deepening into paralysis. The patient had eaten 
hemlock in mistake for parsley ; in about twenty minutes he experienced 
weakness in the lower extremities, and staggered in wallring like a 
drunken man ; within two hours there was perfect paralysis of both 
upper and lower extremities, and he died in three and a quarter hours, 
In another case, related by Taylor, the symptoms were also mainly those 
of paralysis, and in other instances stupor, coma, and slight convulsions 
have been noted. 

§ 325. Physiological Action, — It is generally agreed that coniine 
paralyses, first the ends of the motor nerves, afterwards their trunks, 
and lastly, the motor centre itself. At a later period the sensory nerves 
participate. In the earlier stage the respiration is quickened, the pupils 
contracted, and the blood-pressure increased ; but ou the development of 
paralysis the breathing becomes slowed, the capillaries relaxed, and the 
blood-press are sinks. Death takes place from cessation of the respir- 
ation, and not primarily from the heart, the heart beating after the 
breathing has stopped. Coniine is eliminated by the urine, and is also 
in part separated by the lungs, while a portion is, perhaps, decomposed 
in the body. 

§ 326. Post-mortem Appearances. — There is nothing characteristic 
in the appearances after death. 

Fatal Dose. — The fatal dose of coniine is not accurately known ; 
it is about 150 mgrnis. (2‘3 grains). In the case of Louise Berger, 10 
to 15 drops appear to have caused death in a few minutes. The auto- 
experiments of Dworzak, Heinrich, and Dillaberger would indicate that 
one drop may cause unpleasant symptoms, Albers, in the treatment of 
a woman suffering from cancer of the breast, witnessed convulsions and 
loss of consciousness from the third dose of 4 mgrms. ('06 grain) ; and 
* Edin. Med. and Swry, Journ.., Jnly 1845, p, 169. 
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Eulenberg, its full narcotic effects on a child after subcutaneous in- 
jection of 1 mgrm. ('015 grain). 

§ 327. Separation of Coniine from Organic Matters or Tissues.— 
The substances are digested with water, acidulated with H 2 S0 4 , at a 
temperature not exceeding 40°, and then filtered. If the filtrate should 
be excessive, it must be concentrated j alcohol is then added, the lujuid 
refiltered, and from the filtrate the alcohol separated by distillation. 

On cooling, the acid fluid is agitated -with benzene, and the latter 
separated in the usual way. The fluid is now alkalised with ammonia, 
and shaken up once or twice with its own volume of petroleum ether ; 
the latter is separated and washed with distilled water, and the alkaloid 
is obtained almost pure. If the petroleum ether leaves no residue, it is 
certain that the alkaloid was not present in the contents of the stomach 
or intestine. 

The affinity of coniine with ether or chloroform is such, that its solm 
tion in either of these fluids, passed through a dry filter, scarcely 
retains a drop of water. In this way it may be conveniently purified, 
the impurities dissolved by water remaining behind. 

In searching for coniine, the stomach, intestines, blood, urine, liver, 
and lungs are the parts which should be examined. According to 
Dragendorff, it has been discovered in the body of a cat six weeks after 
death. 

Great care must be exercised in identifying any volatile alkaloid as 
coniine, for the sources of error seem to be numerous. In one case * a 
volatile coniine-like ptomaine was separated from a corpse, and thought 
to be coniine ; but Otto found that in its behaviour to platinic chloride, 
it differed from coniine ; it was very poisonous — '07 was fatal to a frog, 
'44 to a pigeon, in a few minutes, In the seeds of Lupiwus Intent) there 
is a series of coniine- like substances,! but they do not give the character- 
istic crystals with hydrochloric acid, 

2. TOBACCO— NICOTINE. 

§ 328. The different forms of tobacco are furnished by three species 
of the tobacco plant, viz,, Nicotianum talacum, N. riistica, and A'. 
persica . 

Havana, French, Dutch, and the American tobaccos are in tlio main 
derived from N, tabacum ; Turkish, Syrian, and the Latakia tobacoos 
are the produce of N. rustica. There seems at present to be little of 
N. persica in commerce, The following alkaloids have been isolated 
from the aqueous extract from tobacco '.—Nicotine, ; Nicotin- 

ine, C 10 H 14 N 9 ; Nicoteme, C 10 H l2 N 2 ; and Nicotelline, C 10 H 8 N 2 . 

* Otto, Anleitung z. Ausmitllumj d, Oifte , 187fi. 
t Sievert, Zeitschrift fiir JSfodttrwisseiischaften, 1869. 
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The general composition of tlie whole plant may be gathered from 
the following table : — 

TABLE SHOWING THE COMPOSITION OF FRESH LEAVES OF TOBACCO 
(POSSELT AND RE1NMANN). 


Nicotine and other alkaloids, ...... 0-060 

Concrete volatile oil, ........ O'OIO 

Bitter extractive 2-870 

Gum with malate of lime, . 1'740 

Chlorophyll, ......... 0'267 

Albumen and gluten . 1'308 

Malic acid 0-510 

Lignine and a trace of starch, ...... 4'969 

Salts (sulphite, nitrate, and nralate of potash, chloride of \ 

potassium, phosphate and malate of lime, and malate }- 0734 

of ammonia), ...... , , ) 

Silica, . ... 0'088 

Water, 88 ’280 


100'836 

§ 329. Quantitative Estimation of Nicotine in Tobacco. — Keller’s 
process ( J.C.S . , Aba, 1899, ii. 193) gives fair results, and is as follows : 
— 6 grms. of tobacco dried over quick-lime are powdered and treated 
with 60 grms. of ether, 60 of petroleum ether, after the addition of 10 
c.c. of 20 per cent. KOH solution ; after digesting 3-4 hours, 100 grms. 
of the ethereal liquid are placed in a 200 c.c. flask, and a strong current 
of air passed over to expel ammonia; 10 c.c. of water, 10 c.c. of alcohol, 
and a drop of a 10 per cent, solution of iodeosin are added and the 
whole shaken ; this causes the nicotine and iodeosin to pass into the 
aqueous liquid- D.n. HC1. add is now added until the liquid is colour- 
less ; the slight excess of acid is titrated back with d.n. ammonia. One 
c.c. of the acid equals 16 ‘2 mgrms, of nicotine. 

M, Popoirci * has proposed a method based on Kissling’s process of 
extraction, but the estimation is a polarirnetric one ; in this way the 
difficulty of separating nicotine from ammonia is obviated. From 20 
to 40 gnns. of dry tobacco are treated with 10 c.c. of alcoholic soda 
solution (6 per cent. NaOH in 100 c,c. of 57 per cent, alcohol) and 
extracted with ether in a Soxhlet apparatus. The ether extract is 
treated with 10 C.C. of a tolerably concentrated solution of phospho- 
molybdic acid in nitric acid and shaken ; the phosphomolybdate of 
nicotine (with ammonia) is precipitated, the ether is separated, and the 
precipitate treated with water to bring up the volume to 50 c.c. ; lastly, 
8 grms, of BaOH are added ; the yellow solution after standing for 
some hours is filtered and polarised. 

* Ztschr. /. physiol. Chem., 1889, 445. 

18 
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The following table is used : — 


} Grms. of Nicotine iu 

**0 c.c. solution. 

Rotation lu 2 dm. t»fl)C 
(minutes). 

| One minute of a fleece 

! conespoiuls tr> firlif. N icoti < 

2-00 

337 

0-00594 

175 

298 

0*00588 

1-50 

258 

0*00582 

i 1-25 

217 

0 *(10576 

1-00 

175 

0*00572 

0-75 

133 

0*00,5(14 

0-50 

89 

0*00562 

0-25 

45 * 

0 *0055(1 


Mr. Cox'*' has determined the amount of nicotine in a number of 
tobaccos as follows : — 

Twenty-five grammes (or more or less, according to the amount of the 
sample at disposal) of the dried and powdered tobacco were intimately 
mixed with slaked lime, and distilled in a current of steam until tliu con- 
densed steam was no longer alkaline ; the distillate was slightly acidu- 
lated with dilute H 2 S0 4 , and evaporated to a con veniently small bulk. 
This was made alkaline with soda,' and agitated repeatedly with successive 
portions of ether. The separated batches of ethereal solution of nicot iiur 
were then mixed and exposed to the air in a cool place. This exposure 
to the air carries away ammonia, if any be present, as well as other. 

Water was added to the ethereal residue, and the amount of uicotinc 
present determined by decinormal H 2 S0 4 , using methylorauge as .m 

indicator. One c.c. of decinormal H 2 S0 4 represents 0 01 62 gramme! nf 
nicotine (C 10 H 14 N 2 ). 

TABLE OF RESULTS, ARRANGED ACCORD INC! TO PER (JI3NT 
OK NICOTINE. 


T CAiiiJiuieu, 

1. Syrian leaves (a), . 

2. American chewing, . 

3. Syrian leaves (&), 

4. Chinese leaves, 

5. Turkish (coarse cut), 

6. Golden Virginia (whole strips), 

/■ Gold Flake (Virginia), 

8. “ Navy-cut ” (light coloured), ’ 

9. Light returns (Kentucky), 

10. “Navy- cut ” (dark « all tobacco”) 

11. Best “Bird’s-eye,” . , 

12. Cut Cavendish («), . 1 

13, “ Best Shag ” («), 

14, “ Cut Cavendish ” ( 0 , 

15, “ Best Shag ”(}), , 

16, French tobacco, 

17. Algerian tobacco (a), 

_ 18 - Algerian to bacco (5),’ • 

t Phc<nu, Journ ,, Jan. 20, 


Nicotine per cent. 
*612 
•m 


1*1)03 
1 "90s 
2*500 
2*501 
2*501 
2*530 
2*733 
3*640 
3*931 
4*212 
4*907 
4*970 
5*000 
8*711 
8*813 
8-900 
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It is therefore obvious that the strength of tobacco in nicotine 
varies between wide limits. 

§ 330. Nicotine is methyl -pyridyl-pyrrolidioe 

CKj . OH, 

/N . CH CH., 

\/ 

\/ N.CH a 
N 

and has been recently syuthetised by Pictet and Rotschy ; * the suc- 
cessive steps of the synthesis are as follows : /kmnino-pyridine-mucate 
is distilled and N./3. pyridyl-pyrrole obtained ; the vapour of this is 
passed through a red-hot tube, when it isouierises to a /J-pyridyl- 
pyrrole ; on acting on this last product with methyl-iodide, methiodhle 
of uicotyrine is formed, the same as on carefully oxidising natural 
nicotine ; nicotyrine can be obtained from the methiodide by distillation 
with lime. By acting on uicotyrine with iodine and NaOH, an iodine 
substitution compound is obtained, which is reduced by zinc and 
hydrochloric acid to dihydro-nicotyrine ; this substance is transformed 
into the per bromide, and on reduction of this, inactive nicotine is 
obtained, By fractional crystallisation of the tartrates the inactive 
nicotine is divided into la>vo- and dextro-rotatory nicotines, the former 
being identical with the natural product. 


Natural nicotine, 1, 

B.p, 

at Bar. p. 

I) 10°/4° 

D 2074° 

DO'* 0 

l) 

rotatory, , 

240 T - 246 -2 

730-5 

1-016 

1-0097 

- 166-39° 

1, Nicotine from the 






•syntlietised base, 

240 -246 '5 

734 5 

1-0177 

1-0092 

-160-93 

il. Nicotine from the 






syiitiictiscil base, 

245 '5 - 240-5 1 

729 

1-0171 

1-0094 

+ 163-17 


The dextro-artificial nicotine has apparently a slighter and some- 
what different physio logical action to ordinary nicotine. The odour of 
nicotine, especially on warming, is strong and unpleasantly like tobacco, 
and it has a sharp, caustic taste. It absorbs water when exposed to the 
air, and dissolves in water in all proportions, partly separating from 
such solution on the addition of a caustic alkali. The aqueous solution 
acts in many respects like ammonia, saturating acids fully, and may 
therefore be in certain cases estimated with accuracy by titration, 49 
parts of II 2 S0 4 corresponding to 162 of nicotine. 

Alcohol and ether dissolve nicotine in every proportiou ; if such 
solutions are distilled, nicotine goes over first. The salts which it forms 
with hydrochloric, nitric, and phosphoric acids crystallise with difficulty ; 
tartaric and oxalic acid form white crystalline salts, and the latter, 
oxalate of nicotine, is soluble in alcohol, a property which distinguishes it 

* Ser,, 1904, 1225. 
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from the oxalate of ammonia. The best salts arc the oxalate and the achl 
tartrate of nicotine, from which to regenerate nicotine in a pare state. 

Hydrochloride of nicotine is more easily volatilised than the pure 
base. Nicotine is precipitated by alkalies, also by many oxyhydrates, 
lead, copper, etc. It is also precipitated by tannin and gallic acids ; an 
alcoholic solution of tannin completely precipitates an alcoholic .solution 
of nicotine. By the action of light, it is soon coloured yellow and brown 
and becomes thick, in which state it leaves, on evaporation, a brown 
resinous substance, only partly soluble in petroleum ether. 

A very' excellent test for nicotine, as confirmatory of others, is the 
beautiful, long, ueedledike crystals obtained by adding to an ethereal 
solution of nicotine a solution of iodine in ether. The crystals require: H 
few hours to form. The various iodides, partly intramolecular and partly 
additive, and the conditions under which they form, have been studied 
by Kippenberger.* 

Chlorine gas colours nicotine blood -red ox brown; the product is 
soluble in alcohol, and separates on evaporation in crystals. 

Cyanogen also colours nicotine brown ; the product out of alcohol is 
not crystalline. Platin chloride throws down a reddish crystalline pro 
cipitate, soluble ou warming. A drop of nicotine poured on dry chromic 
acid blazes up, and gives out an odour of tobacco camphor ; if the ignition 
does not occur in the cold, it is produced by a geutle heat. A solution 
of nicotine in chloroform on the addition of iodine forms fine rod crystals 
(Roussiu’s crystals), C 10 H 14 N 2 HI,I, + x CH01 3 : the best proportions 
seem to be the reaction of 2 atoms iodine on 1 niolccnlc of nicotine. 

It is scarcely possible to confound nicotine with ammonia, by reason 
of its odour; and, moreover, ammonia may always be excluded by 
converting the base into the oxalate, and dissolving in absolute alcohol. 

On the other hand, a confusion between couiine and nicotine is apt 
to occur when small quantities only are dealt with. It may, however , 
be guarded against by the following tests: — 

(I) If coniine be converted into oxalate, the oxalate dissolved in 
alcohol, and coniine regenerated by distillation (best in var.no ) with 
caustic lye, and then hydrochloric acid added, a crystalline liydrochlorat.u 
of coniine is formed, which doubly refracts light, and is in needle-shaped 
or columnar crystals, or dendritic, mossdike forms. The columns after- 
wards become torn, and little rows of cubical, octahedral, and tetrahedral 
crystals (often cross or dagger-shaped) grow out of yellow amorphous 
masses. Crystalline forms of this kind are rare, save in the case of 
dilute solutions of chloride of ammonium (the presence of the latter is, 
of course, rendered by the treatment impossible) ; and nicotine does 
not give anything similar to this reaction. 

anal Chemie, 1903, 232. 



§ 33 T ] 


NICOTINE. 


2 77 


(2) Oonihie coagulates albumen ; nicotine does not 

(3) Nicotine yields a characteristic crystalline precipitate with an 
aqueous solution of mercuric chloride ; the similar precipitate of coniine 
is amorphous. 

(4) An alcoholic solution of coniine mixed with carbon disulphide 
is coloured yellow — nicotine is not ; on adding to the solution a few drops 
of a dilute solution of copper sulphate (1 : 200) or ferric chloride, coniine 
precipitates yellow or brown — nicotine does not precipitate. On dissolv' 
ing nicotine, even in traces, in epi-chlor.hydrin and heating to boiliDg, a 
deep red colour is produced ; coniine gives no colour.* 

§ 331. Effects on Animals, — Nicotine is rapidly fatal to all animal 
life — from the lowest to the highest forms. Very minute quantities in 
water kill infusoria. Fish of 30 grms. weight die in a few minutes 
from a milligramme of nicotine ; the symptoms observed are rapid move' 
meats, then shivering and speedy paralysis, with decreased motion of 
the gills, and death, With, frogs, if doses not too large are employed, 
there is first great restlessness, then strong tetanic convulsions, and a 
very peculiar position of the limbs ; the respiration after fatal doses 
soon ceases, bat the heart beats even after death. Birds also show 
tetanic convulsions followed by paralysis aud speedy death. The 
symptoms witnessed in mammals poisoned by nicotine are not essentially 
dissimilar. With large doses the effect is similar to that of prussic 
ncid — viz., a cry, one or two shuddering convulsions, and death. If the 
dose is not too large, there is trembling of the limbs, excretion of fseces 
and urine, a peculiar condition of stupor, a staggering gait, and then 
the animal falls on its side. The respiration, at first quickened, is 
afterwards slowed, and becomes deeper than natural ; the pulse, also, 
with moderate doses, is first slowed, then rises in frequency, and finally, 
again falls. Tetanic convulsions soon develop; during the tetanus the 
pupils have been noticed to be contracted, but afterwards dilated; the 
tongue and mouth are livid, and the vessels of the ear dilated. Very 
characteristic of nicotine poisoniug as witnessed in the cat, the rabbit, 
and the dog, is its peculiarly violent action, for after the administration 
of from one to two drops, the whole course from the commencement of 
symptoms to the death may take place in five minutes. F, Vas has 
drawn the smoke of tobacco from an immense pipe, and condensed the 
products ; he finds the well* washed tarry products without physiological 
action, but the soluble liquid affected the health of rabbits, — they lost 
weight; tlxe number of the blood corpuscles was decreased, and the 
hemoglobin of the blood diminished, f 

The larger animals, such as the horse, are affected similarly to the 

* H, Meltzer, Zeit, until, Chem,, 1898, 345-358. 
f Archiv. f, Exper.Pathol. u, Pham., Bd, xxxiii. 
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smaller domestic animals. A veterinary surgeon, Mr. John Howard, of 
Woolwich,* lias recorded a case in which a horse suffered from the most, 
violent symptoms of nicotine-poisoning, after an application to his slcin 
of a strong decoction of tobacco. The symptoms were trembling, 
particularly at the posterior part of the shoulders, as well as at the 
flanks, and both fore and hind extremities ; the superficial muscles were 
generally relaxed aud felt flabby, and the pupils were widely dilated. 
There was also violent dyspnoea, the respirations being quick and short, 
pulse 32 per minute, and extremely feeble, fluttering, and indistinct . 
When made to walk, the animal appeared to have partly lost the use of 
his hind limbs, the posterior quarter rolling from side to side in an 
unsteady mauuer, the legs crossing each other, knuckling over, and 
appearing to be seriously threatened with paralysis. The anus was vary 
prominent, the bowels extremely in'itable, and tenesmus was present. 
He passed much flatus, aud at intervals of three or four minutes, small 
quantities of fceces in balls, partly in the liquid state, mid coated with 
slimy mucus. There was a staring, giddy, intoxicated appearance 
about the head aud eyes, the visible mucous membrane being of a 
dark red colour. A great tendency to collapse was evidout, but hy 
treatment with oold douches and exposure to the open air, the horse 
recovered. 

In a case occurring iu 1863, in which six horses ate oats which had 
been kept hi a granary with tobacco, the symptoms were mainly those 
of narcosis, and the animals died, t 

§ 332, Effects on Mam. — Poisoning by the pure alkaloid nicotine is 
so rare that, up to the present, a few cases only are on record. One of 
these, viz,, the poisoning of M. Fougnies by Count Bocannc and liin 
wife, is ever memorable in the history of toxicology, Icing the first 
instance in which a pure alkaloid had been criminally used, The 
detection of the poison exercised the attention of the celebrated chemist 
Stas. For the unabridged narrative of this interesting case the reader 
may consult Tardieu’s J&tude M6ilico-L6y«le sur V Hmpoisonneini'iit . 

Bocarme actually studied chemistry in order to prepare the alkaloid 
himself, and, after having succeeded in enticing his victim to the chateau 
of Bitremont, administered the poison forcibly. It acted immediately, 
and death took place in five minutes. Bocarmo now attempted to hide 
all traces of the nicotine by pouring strong acetic acid into the mouth 
and over the body of the deceased. The wickedness and cruelty of the 
crime were only equalled by the clumsy and unskilful manner of its 
perpetration. The quantity of nicotine actually used in this case must 
have been enormous, for Stas separated no less than '4 gnn. from the 
stomach of the victim, 

* Veter , Journal, vol. in, 


+ Ann ales ViUrinaires, Bruxelles, 1868. 
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Another known case of nicotine-poisoning was that of a man who 
took it for the purpose of suicide. The case is related by Taylor. It 
occurred in June 1863. The gentleman drank an unknown quantity 
from a bottle ; he stared wildly, fell to the floor, heaving a deep sigh, 
and died quietly without convulsion. A third case happened at 
Cherbourg,* where an officer committed suicide by taking nicotine, 
but how much had been swallowed, and what were the symptoms, are 
equally unknown, for no one saw him during life after he had taken 
the poison. 

Poisoning by nicotine, pure and simple, then is rare. Tobacco, 
poisoning is very common, and has probably been experienced in a 
mild degree by every smoker in first acquiring the habit. Neai-ly all 
the fatal cases arc to lxj ascribed to accident ; but criminal cases are 
not unknown. Christison relates an instance in which tobacco in 
the form of snuff was put into whisky for the purpose of robbery. 
In 1854 a man was accused of attempting to poison his wife by 
putting snuff into her ale, but acquitted. In another case, the father 
of a child, 10 weeks old, killed the infant by putting tobacco into its 
mouth. He defended himself by saying that it was applied to make 
the child sleep, 

In October 1855, f a drunken sailor swallowed (perhaps for the 
purpose of suicide) his quid of tobacco, containing from about half an 
ounce to an ounce. He lxad it some time in his mouth, and in half an 
hour suffered from frightful tetanic convulsions, There was also 
diarrhoea ; the pupils were dilated widely ; the heart’s action became 
irregular; and towards the end the pupils again contracted. He died 
in a sort of syncope, seven hours after swallowing the tobacco. 

§ 333. In 1829 a curious instance of poisoning occurred in the 
case of two girls, 1 8 years of age, who suffered from severe symptoms 
of tobacco •poisoning after driuking some coffee, They recovered ; and 
it was found that tobacco had been mixed with the coffee-berries, and 
both ground up together, j 

Accidents have occurred from children playing with old pipes. In 
1877 § a child, aged 3, used for an hour an old tobacco-pipe, and blew 
soap bubbles with it, Symptoms of poisoning soon showed themselves, 
and the child died in three days. 

Tobacco-juice, as expressed or distilled by the heat developed in the 
usual method of smoking, is very poisonous. Sonnenschein relates the 
case of a drunken student, who was given a dram to drink, into which 
his fellows had poured the juice from their pipes. The result was fatal. 

* Ann. d’Hygiknc, x. }>. 404, 1861. t Edin, Med. Journ., 1865. 

X Barklianseu, Pr. Vcr. Etg . , xvii, p, 83, 1838. 

§ Pharm. Journ., 1877, p, 377. 
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Death from smoking is not unknown.* Helwig saw death follow in tlie 
ease of two brothers, who smoked seventeen and eighteen German 
pipefuls of tobacco. Marshall Halit records the case of a young 
man, 19 years of age, who, after learning to smoke for two days, 
attempted two consecutive pipes. He suffered from very serious 
symptoms, and did not completely recover for several days. Gordon has 
also recorded severe poisoning from the consecutive smoking of nine 
cigars. The external application of the leaf may, as already shown in 
the ease of the horse, produce all the effects of the internal adminis- 
tration of nicotine. The old instance, related by Hildebrand, of the 
illness of a whole squadron of hussars who attempted to smuggle 

* The question as to whether there is much nicotine in tolxicco-sniokc cannot be 
considered settled ; but it is probable that most of the poisonous symptoms produced 
are referable to the pyridene bases of the general formula (C„Hj> t _ 5 N), and some 
at least of its germicidal value is due to the presence of formic aldehyde. Vohl and 
Enlenbe rg {Arch. Pharmac., 2, exlvi. p. 130) made some very careful experiments 
on the smoke of strong tobacco, lmrut both in pipes and also ill cigars. The method 
adopted was to draw tlie smoke first through potash, and then through dilute 
sulphuric acid. The potash absorbed prussic acid, liydrie sulphide, formic, acetic, 
propionic, butyric, valeric, and carbolic acids ; while in the acid the buses were 
fixed, and these were found to consist of the whole series of pyridene liases, lVoru 
pyridene (C 6 H 5 N), boil, 'joint 117°, picoliuo (C 6 H 7 N), boil. -point 133°, lutidinc 
(C 7 H 9 N), boil, -point 154°, upwards. When smoked iu pipr-s, the chief yield was 
pyridene ; when in cigars, collidine (C e HuN) ; anil in general, jiijie-suiokiiig was 
found to produce a greater number of volatile l/ases. The action of these liases litis 
been investigated by several observers. They all have a special action on the orgau* 
ism, and all show an increase in jihysiologieal activity us the series is ascended. The 
lowest produce merely ox eitemeut from irritation of the encephalic nervous centres, 
and the highest, paralysis of those centres. Death jirocceds from gradual failure of 
the resjiiratory movements, leading to asphyxia — (Kendrick and Dewar, Proc . Roy. 
Soc., xxii, 442 ; xxiii, 290), A. Gautier found that tobacco smoked in a pipe pro- 
duced basic conijiouuds, a large quantity of nicotine, and a higher lioinoiogue of 
nicotine, CnH^Nj, which ju-e-exists in tobacco leaves, and a base ChIIuNO, which 
seems to be a hydrate of jiieoliuo — ( Compt , Rend., t, cxv. jip, 992, 993). The 
derivatives of the jiyridene series are also active. The nicthiofMcs strongly excite 
the brain and paralyse the extremities, A similar but more uucrgctic action is 
exerted by the ethyl and ally 1 derivatives; tlie iod-allyl derivatives are strong 
poisons. Methylic pyridene carboxylatc is almost inactive, hut the corresponding 
ammonium salt gives rise to symjitouis resembling epilejisy — (Ramsay, Phil. Mag., 
[5] iv, p, 241, 1877). One member of tlie Jiyridene series $ lutidinc lias been fully 
investigated by C. Greville Williams and W. H, Waters — (Proc. Hoy. Hoc., vol. 
xxxii, p. 162, 1881). They conclude that it affects the heart jirofoundly, causing 
an increase in its tonicity, but the action is almost confined to the ventricles. The 
auricles are but little affected, and continue to beat after the ventricles have 
stojijied, The rate of the heart’s beat is slowed, and the inhibitory power of tlie 
vagus arrested. By its action on the nervous cells of the sjiiual cord, it iu the 
first place lengthens the time of reflex action, and then arrests that function. 
Finally, they point out that it is antagonistic to strychnine, and may be successfully 
employed to arrest the action of strychnine ou tlie spinal cord. 

t Edin. Med. arul Siirg, Jour., xii. , 1816. 
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tobacco by concealing the leaf next to their skin, is well known, and is 
supported by several similar cases. The common practice of the 
peasantry, in many parts of England, of applying tobacco to stop 
the bleeding of wounds, and also as a sort of poultice to local swellings, 
has certainly its dangers. The symptoms — whether nicotine has been 
taken by absorption through the broken or unbroken skin, by the 
bowel, by absorption through smoking, or by the expressed juice, or 
the consumption of the leaf itself — show no very great difference, save 
in the question of time. Pure nicotine acts with as great a rapidity 
as prussic acid ; while if, so to speak, it is entangled in tobacco, it takes 
more time to be separated and absorbed j besides which, nicotine, taken 
in the concaitrated condition, is a strong enough base to have slight 
caustic effects, and thus leaves some local evidences of its presence. In 
order to investigate the effects of pure nicotine, Dworzak and Heinrich 
made auto-experiments, beginning with 1 mgrm. This Small dose pro* 
duced impleasant sensations in the mouth and throat, salivation, and a 
peculiar feeling spreading from the region of the stomach to the fingers 
and toes. With 2 mgrms. there was headache, giddiness, numbness, 
disturbances of vision, torpor, dalness of hearing, and quickened respira* 
tious. With 3 to 4 mgrms., in about forty minutes there was a great 
feeling of faintness, intense depression, weakness, with pallid face and 
eold extremities, sickness, and purging, One experimeuter had shivering 
of the extremities and cramps of the muscles of the back, with difficult 
breathing. The second suffered from muscular weakness, fainting, fits of 
shivering, and creeping sensations about the arms. I 11 two or three 
hours the severer effects passed away, but recovery was not complete 
for two or three days. It is therefore evident, from these experiments 
and from other cases, that excessive muscular prostration, difficult 
breathing, tetanic cranqis, diarrhoea, and vomiting, with irregular pulse, 
represent both tobacco and nicotine poisoning. The rapidly*fatal result 
of pure nicotine has been already mentioned ; but with tobacco* 
poisoning the case may terminate lcthally in eighteen minutes. This 
rapid termination is unusual ; with children it is commonly about an 
hour and a half although in the case previously mentioned, death did 
not take place for two days. 

§ 334. Physiological Action. — Nicotine is absorbed into the blood 
and excreted unchanged, in part by the kidueys and in part by the 
saliva (Dragendorff). According to the researches of Rosenthal and 
Krocker,* uicotine acts energetically on the brain, at first exciting it, 
and then lessening its activity ; the spinal marrow is similarly affected. 
The convulsions appear to have a cerebral origin ; paralysis of the peri* 
pheral nerves follows later than that of the nerve centres, whilst 
* Ueber die Wirkung dcs Nicotines auf den thicrischen Organismus , Berlin, 1868. 
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muscular irritability is unaffected. Tlie convulsions arc uot influenced 
by artificial respiration, and are therefore to be considered as due to 
the direct influence of the alkaloid on the nervous system. Nicotine 
has a striking influence on the respiration, first quickening, then slowing, 
and lastly arresting the respiratory movements : section of the vagus is 
without influence on this action. The cause of death is evidently due 
to the rapid benumbing and paralysis of the respiratory centre. Death 
never follows from heart-paralysis, although nicotine powerfully influ- 
ences the heart’s action, small doses exciting the terminations of the 
vagus in the heart, and causing a slowing of the beats. Large doses 
paralyse both the controlling and exciting nerve-centres of the heart ; 
the heart then beats fast, irregularly, and weakly. The blood-vessels 
are first narrowed, then dilated, and, as a consequence, the blood- 
pressure first rises, then falls. Nicotine has a special action on the 
intestines. As 0. Nasse*has shown, there is a strong contraction of 
the whole tract, especially of the small intestine, the lumen of which 
may be, through a continuous tetanus, rendered very small. This is 
ascribed to the peripheral excitation of the intestinal nerves and the 
ganglia. The uterus is also excited to strong contraction by nicotine ; 
the secretions of the bile and saliva arc increased. 

§ 335, Fatal Dose. — The fatal dose for dogs is from £ to 2 drops ; 
for rabbits, a quarter of a drop; for an adult not accustomed to tobacco 
the lethal dose is probably 6 mgrms. 

§ 336. Post-mortem Appearances. — There seem to be no appearances 
so distinctive as to be justly ascribed to nicotine or tobacco poisouing 
and no other. 

A more or less fluid condition of the blood, and, generally, the signs 
of death by the lungs, are those most frequently found. In tobacco- 
poisoning, when the leaves themselves have been swallowed, there may 
be some inflammatory redness of the stomach and intestine 

§ 337. Separation of Nicotine from Organic Matters, etc. — The 
process for the isolation of nicotine is precisely that used for coniine 
(see p. 272), It appears that it is unaltered by putrefaction, and may 
be separated and recognised by appropriate means a long time after 
death. Orfila detected it in an animal two or three months after death ; 
Melsens discovered the alkaloid unmistakably in the tongues of two 
dogs, which had been buried in a vessel filled with earth for seven 
years ; and it has been found, by several experiments, in animals buried 
for shorter periods, Nicotine should always be looked for in the 
tongue and mucous membrane of the month, as well as in the usual 
viscera. The case may be much complicated if the person supposed 
to be poisoned should have been a smoker ; for the defence would 
* Bcitragesur Physiologie der Darmbcicegung, Leipsic, 1866. 
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naturally be that there had been either excessive smoking or chewing, 
or even swallowing accidentally a quid of tobacco.* A ptomaine has 
beeu discovered similar to nicotine. Wolckenhaar separated also an 
alkaloid not unlike nicotine from the corpse of a woman addicted to 
intemperate habits ; but this base was uot poisonous, nor did it give 
any crystals when an ethereal solution was added to an ether solution 
of iodine. It will be well always to support the dhcmical evidence by 
tests on animal life, since the intensely poisonous action of nicotine 
seems not to be shared by the nicotinc-like ptomaines. 

§ 337a. Antidote to Nicotine. — C. Zalacltas,f in experiments on 
animals with escrine and strychnine, finds that neither of these alkaloids 
are antagonistic to any extent to nicotiue j he, however, obtained good 
results from the expressed juice of Nasturtium officinale, two injections 
of which completely counteracted the effect of a fatal dose of nicotine 
(25 mgrms.) in a rabbit. 

3. PITURIE. t 

§ 338. Piturie (C 6 H 8 Nj is a liquid, uieotiuedikc alkaloid, obtained from the 
Dit]>oisia hopwoodii, a small shrub or tree belonging to the natural order SolanacM, 
indigenous in Australia. The natives mix piturie leaves with ashes from some other 
plant, and chew them. Piturie is obtained by extracting the plant with boiling 
water acidified with sulphuric acid, concentrating the liquid by evaporation, and 
then alkalising and distilling with caustic soda, and receiving the distillate in 
hydrochloric acid, The solution of the hydroclilorate is afterwards alkalised and 
shaken up with ether, which readily dissolves out the piturie, The ether solution of 
piturie is evaporated to dryness in a current of hydrogen, and the crude piturie 
purified by distillation in hydrogen, or by changing it into its salts, and again 
recovering, etc. It is clear and colourless when pure and fresh, but becomes yellow 
or brown when exposed to air and light, It boils and distils at 243° to 244°. It is 
soluble in all proportions in alcohol, water, and ether ; its taste is acrid and 
pnnjpnt ; it is volatile at ordinary temperatures, causing white fumes with hydro, 
chloric arid ; it is very irritating to the mucous membranes, having a smell like 
nicotine at first, and then, when it becomes browner, like pyridine. It forms salts 
with acids, but the acetate, sulphate, and hydroclilorate arc vamisli .like films having 
110 trace of crystallisation; the oxalate is a crystalline salt. Piturie gives precipi- 
tates with mercuric chloride, cupric sulphate, gold chloride, mercnr.potassic iodide, 
tanniu, and an alcoholic solution of iodiuc, If an ethereal solution of iodine is added 
to an ethereal solution of puturic, a precipitate of ycllowish-reil needles, readily 
soluble in alcohol, is deposited, The iodine compoand melts at 110°, while the iodine 
compound of nicotine melts at 100°. Piturie is distinguished from coniine by its 
aqueous solution uot becoming turbid either on heatiug or on the addition of chlorine 
water ; it differs from picoline in specific gravity, picoliuc being ’9613 specific gravity 
at 0°, and piturie siuking in water ; it differs from aniline by uot being coloured by 
chlorinated lime. From nicotiue it has several distinguishing marks, omr of the best 

* In an experiment of Dragendovff's, nicotine is said to have been detected in 
35 grrns, of the saliva of a person who had half an hour previously smoked a cigar. 

t Compt, Rend., 1905, 

+ See "The Alkaloid from Piturie,” by Prof. Leversidge, Chcm. News, March 18 
and 25, 1881. 
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l>ei ns that it does not change colour on warming with hydroclihiric acid « I k 
addition to the mixture afterwards of a little nitric acid. '1 lie physiological 
seems to lie hut little different from tliat of uieotiue. It is, of course, poison oils, 
as yet has no forensic importance. 

l . SPARTEINE. 


§ 339, In 1851 Stenholise* separated a poisonous volatile alkaloid from ffjtu ft tir »< 
stvjJrium, tie common broom, to which he gave tlie name of sparteine. At Mm 
same time a crystalline nompoisonous substance, scojxzrin, was discovered. 

Sparteine is separated from the plant by extraction with sulphuric acid huh Imp 
water, and then alkalising the acid solution and distilling: it lias the f>>nunb 
(CtfHasN,), and belongs to the class of tertiary diamines. It is a clear, thick, oily 
substance, scarcely soluble in water, to which it imparts a strong, alkaline rrauitinii : 
it is soluble ill alcohol, in ether, and chloroform ; iusiduhlc iu benzene aud ill pHrm 
leum ; it boils at 2S8°, Sparteine neutralises acids fully, but the oxalate is l.lur only 
one which eau be readily obtained in crystals. It forms crystalline salts with plul.uiic 
chloride, with gold chloride, with mercuric chloride, aud with zinc (diloridu. The 
picrate is an especially beautiful salt, crystallising iu long needles, which, wlimi d l - h*d 
and heated, explode, On sealing sparteine up in a tube with ethyl iodide olid 
alcohol, and heating to 100° for an hour, ethyl sparteine iodide separates in long, 
ueedledike ciystals, which are somewhat insoluble in cold alcohol. 

Effect on Animals, — A single drop kills a rabbit ; the symptoms am similar In 
those produced by nicotine, but the pupils are dilated, d 


5. ANILINE. 


§ 340. Properties. — Auiline or anrido- benzol (GyijNIh.) is uude by the ml not inn 
of nitro-benzol. It is an oily fluid, colourless when quite pure, hut gmduoll.y 
assuming a yellow tinge ou exposure to the air, It has a peculiar itud distinct. ive 
smell. It boils at 182‘5°, and can be congealal by a cold of 8''. It is slightly soluble 
in water, 100 parts of water at 16° retaining about 3 of aniline, and easily soluble iu 
alcohol, ether, and chloroform. It does not blue red litmus ■[taper, but licvci'Mioli'.v, 
acts as a weak alkali, for it iireeipitates iron from its salts. It forms a large number 
of crystalline salts. The hydrochloride crystallises iu white plates, and lots a molting ■ 
point, of 192°, The platinum compound has tlic formula of ( (J, ; 1 1 r ,N 1 1 . .1 rGl \. FUJI.!, u nd 
crystallises in yellow needles. 

§341. Symptoms and Effects. — Aniline, like picric acid, eoagulaf.es albumin. 
Aniline is a blood poison ; it produces, even during life, in some, obseurn w.ay, 
methamioglobm, and it disintegrates the red blood corpuscles; linl.li these e.ffVc'ls 
lessen the power of the blood corpuscles to convey oxygen to tha tissues, houen. thn 
cyanosis observed so frequently iu aniline poisoning is explained, Kiigeikoril t hfi . 
found that aniline black is iiroduccd ; iu every drop of blond there are fine blank 
granules, the total effect of which produces a pale bine orgrcy-hhia colour of the .shin. 
Aniline has also an action on the oaitral nervous system, at first stimulating, and 
then paralysing. Sehmiedeberg finds that para.aiuido.pheu«l-etheDSiilplmric mold in 
produced, and appears iu the urine as an alkali salt ; a small quantity irf fuclisiuc in 
also produced, and has been found in tlie mine. rSouie aniline may ho exruvtud 
unchanged. 


* Phil, Trans,, 1851, 

+ To the nicotine group, gelsemine CC M H 28 N 2 0 4 ) and oxalathyliii (CJ r II.„N..) ul 
belong, m a physiological sense, but gelsemine, like sparteine, dilates tlie pupil. 

" B *’t''age zur Tox, des AnUins, Inaiuj, • Piss, r Dorpat, 1888. 


NO 



§ 342-344 ] opium. 285 

The symptoms are giddiness, weakness, cyanosis, blueness of the skin, sinkingof 
the temperature, and dilatation of the pupil. The pulse is small and frequent, the 
skin moist and cold. The patient smells of aniline. Towards the end coma and con' 
vulsions set in. The urine may be brown to brown -black*, and may contain hyaline 
cylinders. The blood shows the spectrum of metlsemoglobiii, and has the peculiarities 
already mentioned. Should the patient recover, jaundice often follows. The out 
ward application of aniline produces ccxerna. 

Chronic poisoning by aniline is occasionally seen among workers in the manufac 
turn of aniline. Headache, loss of muscular power, diminished sensibility of the 
skiu, vomiting, loss of appetite, jailor, eruptions ou the skin, and general malaise 
are the chief symptoms, Tlic inspiration has been noticed to have a reddish colour, 

Cases of aniline poisoning are not common ; Dr. Fred, J. Smith liasieeorded one 
in the Lancd of January 13, 1894.* The patient, a woman, 42 years of age, of 
alcoholic tendencies, swallowed, 13th Dcmmber 1893, at 1,40 P.M., about 3 ounces of 
markingduk, the greatest part of which consisted of aniline; iu a very little while 
she became unconscious, and remained so until death, At 3 p.m. her lips were of a 
dark purple, the general surface of the skiu was deadly white, with a slight bluish 
tinge; the pupils were small and sluggish, the breathing stertorous, and the pulse 
full and slow — 60 jier minute, The stomach was washed out, ether injected, and 
oxygen administered, hut the patient died eoniatose almost exactly twelve hours after 
the poison had bee u taken, 

The post-mortem examination showed slight congestion of the lungs ; the heart 
was relaxed iu all its chambers, and empty of blood — it had a peculiar greemblue 
appearance. All the organs weie healthy, The blood was not spectroscopically 
examined 

§ 342. Fatal Dose. — This is not known, butan adult would probably be killed 
by a single dose of any tiling over 6 grins. Recovery under treatmeut has been known 
after 10 grins, ; the fatal dose for rabbits is l‘l'5grm., for dogs 3-5 gi-ms. 

§343. Detection of Aniline. — Aniline is easily separated and detected. Organic 
fluids are alkalised by a solution of jiotash, aud distilled. The organs, finely divided, 
are extracted with water acidulated with sulphuric acid, the fluid filtered, and then 
alkalised and distilled. The distillate is shaken up with ether, the ether separated 
and allowed to evajiorate spontaneously. Any aniline will be in the residue left after 
evaporation of the ether, and may be identified by the following tests : — An aqueous 
solution of aniline or its .salts is coloured blue by a little chloride of lime or liypo* 
chlorite of soda ; later on the mixture becomes red. The blue colour has an absorp* 
tion band, when examined spectroscopically, extending front 1V\ L. 656 to 560, and 
therefore iu the red aud yellow from Framihofer’s line C, and overlapping D. 
Another test for aniline is the addition of kairinc, hydrochloric acid, and sodium 
nitrite, which strikes a blue colour. 


Ill,— The Opium Group of Alkaloids. 

§ 344. General Composition. — Opium contains a larger number of 
basicsubstauces than any plant juice known, The list reaches at present 
to some 21 nitrogenised bases, and almost each year there have been 
additions. Opium is a gummy mass, consisting of the juice of the 
incised unripe fruit of the Papaver sovmiferum hardened in the air. 

* See also a case reported by K. tiehio, in which a jierson drank 10 grms. and 
recovered. JBer, ItZinis, Woche%,, 1888, Hr. 1. 
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The following is a nearly complete list of the constituents which have 
been found in opium : 


Alkaloids. — 1. The Morphine Group. 

Morjihine, O^HisNOj. 

Codeine, C^H^NOj. 


Very poisonous (except L'wmdouitirphini' 

I Pscudoinorpkinc (0 1 .H, a NO a ).„ 

] Tbebai'ue, C B I1 21 N0 3 . 


Papaverine, C^HaNO^. 
Codamine, CjjH^NOj. 
Laudauine, CjoH^NOj. 
Laudauidirre, CjoHoiNOj. 
Lawlanosine, C 41 H. B K0 4 . 
Tritopine ( C^H^N 0 : ,).,0. 
Mecouidiue, C^H^NO.!. 
Lautliop’iue, C 2i H,. 3 ,N'0 4 . 
l’rotopiue, C^H^NOs. 


II . The I'tipaverine Group. 

Cryptopine, C^H'.jNOj. 
I’upaverau li lie , Ci., If {l N 0.,. 
Narcotine, OcO 1 1 n-; N(n. 
Cliioscopiiie, tV I. jjNO ? . 
Oxymireotiinv ( l.,II v: |NO B . 
Ntiroci'iie, C, 5 i r. ff NO s . 
Hydpier tu rni re, C U 1I u NO>, 
Xautliului-e, 0; C li !!S N,0 3 . 

Other Constituents, 


Lactic Acid. 

Aoetic Acid. 

Meoonidiue, C yl H y ,N'0 4 . 
Mecouine, C 10 H lo O 4 . 
Meconicaeid, C;H 4 0 7 . 
Thebolaetic acid. 


i Opiauiuc. 
t Pat. 

: Resin, 

1 Caoutchouc, 

! Gummy matters — Vegetable mucus. 

! Asli, containing the usual constituent 1 .. 


The various opiums differ, the one from the other, in the percent; igr« 
of alkaloids, so that only a very general statement of the mean coin] io.si- 
tiou of opium can be made, The following statement may, however, he 


Morphine 



Ter Miit, 
0 Ur lib 

Nareotine, .... 



4 to 8 

Other alkaloids, .... 


, 

5 hi i! 

Mecouin, 



under 1 

Meoonie acid 



1! til 8 

Peculiar resin and caoutchouc, , 



r. tn io 

Fat, 


, 

1 tn 4 

Gum and soluble liumoid acid matt ors. 



40 tn 50 

Insoluble matters and mucus, 



1 8 tn 20 

Asli, 


, 

4 in 8 

Water, ...... 


. 

8 to 30 


The general results of the analysis of 12 samples of Turkey opium, 
purchased by Mr. Bott* from leading druggists in London, Dublin, nnd 
Edinburgh, are as follows : — 

Water,— Highest, 31'2 ; lowest, 184 ; mean, 224 per cent. 

Insoluble Residue. —Highest, 47-9; lowest, 2545 ; mean, 32-4S nor 

cent 1 

Aqueous Extract, -Highest, 5645; lowest, 20'90; mem, dm 90 per 
cent. 1 


Year Book of Pharmacy, 1876. 
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Crude Morphine (containing about T V of pure morphine). — Highest, 
12' 30; fewest* 6'76; mean, 9-92 percent., which equals 12 -3 per cent, 
of the dried drug. 

Persian Opium, examined in the same way, varied in crude morphine 
from 21 to 8'5 percent ; Malwa, from 5'88 to 7' 30. In 18 samples of 
different kinds of opium, the mean percentage of crude morphine was 
8'88 percent. (11 per cent of the dried opium). Accordingto Guibourt, 
Smyrna opium, dried at 100°, yields 11-7 to 21'46per cent, the mean 
being 12 to 14 per cent. ; Egyptian, from 5-8 to 12 per cent. ; Persian, 
11' 37 per cent In East Indian Patna opium, for medical use, he found 
7'72 ; in a sample used for smoking, 5'27 per cent. ; in Algerian opium, 
12' 1 per cent, ; in French opium, 14 '8 to 22' 9 per cent. 

§ 345. Action of Solvents on Opium, — The action of various solvents 
on opium has been more especially studied by several scientists who are 
engaged in the extraction of the alkaloids. 

Water dissolves nearly everything except resin, caoutchouc, and 
woody fibre. .Free morphine would be left insoluble; but it seems 
always to be combined with meconic and acetic acids. The solubility 
of free narcotine in water is extremely small. 

Alcohol dissolves resin and caoutchouc, and all the alkaloids and 
their combinations, with meconic acid, etc. 

Amylic Alcohol dissolves all the alkaloids, if they are in a free state, 
and it also takes up a little of the resin. 

Ether, Benzene, and Carbon Sulphide do not dissolve the resin, and 
only slightly morphine, if free ; but they dissolve the other free alkaloids 
as well as caoutchouc. 

Acids dissolve all the alkaloids and the resin, 

Fixed Al k alies, in excess, dissolve in part resin ; they also dissolve 
morphine freely; narcotine remains insoluble. 

Lime Water dissolves morphine, but is a solvent for narcotiue only 
in presence of morphine. 

Ammonia dissolves only traces of morphine ; but narceine and 
codeine readily, It does not dissolve the other alkaloids, nor does it 
dissolve the resin. 

§ 346. Assayof Opium. — Thefollowing processes maybe described: — 

Process of Teschemaeker and Smith. — This process, with a few 
modifications, is as follows ; — 10 grms, of opium are as completely as 
possible exhausted with proof spirit at a boil ing temperature. The result 
ing alcoholic extract is treated with a few drops of ammonium oxalate 
solution, and the solution is almost neutralised with ammonia. The 
solution is concentrated to one. third, cooled, and filtered. The filtrate 
is further concentrated to 5 c.c., and transferred to a small flask, or to 
the extraction tube figured, on p. 163 ; it is washed into this by 4 c.c. 
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of water and 3 c.c. of 90 per cent, alcohol; next 2 c.c. solution of 
ammonia (sp. gr. 0*960) and 25 c.c. of dry ether are added. The flush 
is corked, shaken, and then allowed to rest overnight. 

The ether is decanted, or drawn off, as completely as possible. Two 
filter. papers are taken and counterpoised — that is to say, they arc made 
precisely the same weight. The filters are placed one inside the other*, 
and the precipitate collected on the inner one; the precipitate is washed 
with moiphiuated water— that is to say, water in which morphine law heron 
digested for some days. The filter-papers with their contents are washed 
with benzene and dried, the outer paper put on the pan of the bakmce 
carrying the weights, and the inuer filter with the precipitate weighed. 
The precipitate is now digested with a known volume of dcci normal acid, 
and then the excess of acid ascertained by titration with dctinornuil 
alkali, using either laemoid or cochineal; each c.c. of decinonual acid 
is equal to 30 '3 nigrais. of morphine.'* 

Dott’s Process. — Dott has proposed a new process, which lie 
states has given good results. The process is as follows : — 10 grammes 
of powdered opium are digested with 25 c.c. water; T8 grammes 
liarinm chloride dissolved in about 1 2 c.c. water aretliert ad del, the solu- 
tion made up to 50 c.c., well mixed, and after a short time filtered ; 
22 c.c. (representing 5 grammes opium) are mixed with dilute sulphuric 
acid in quantity just sufficient to precipitate the barium. About 1 c.c. 
is required, and the solution should be wanned to cause the precipitate 
to subside, and the solution to filter clear. To this filtered solution n 
little dilute ammonia, about 0'5 c.c,, is added to neutralise the free acid, 
and the solution concentrated to 6 or 7 c.c., and allowed to cool. 1 c.c. 
spirit and 1 c.c. ether are then added, and next ammonia in slight excess, 
The ammonia should be added gradually until there is no further pre- 
cipitation, and a perceptible odour of ammonia remains after 1 well stirring 
and breaking down any lumps with the stirring rod. After three hours 
the precipitate is collected on counterpoised filters and washed. Before 
filtering, it should be noted that the solution has a faint odour of 
ammonia: if not, oneor two drops of ammonia solution should lie added. 
The dried precipitate is washed with benzene or chloroform, dried, and 
weighed. It is then titrated with re/10 acid, until the morphine is 
neutralised, as indicated by the solution reddening litmus-paper, f 


Pl<m-n. Journal, xix, 45, 82 ; xxii. 746. Wright and Farr, Oh, ■oust. and 
Driiyyist, 1893, i 78. 

t Other methods of opium assay have been published : see A. B Prescott's 
method (P, weeding* of Amen. Pharw. Assoc., 1878); Alien (CmmurdoZ (M/. 
Analysis v ol. ii. p. 473); E. R, Squibb’s modification of Elbe lag, Jr’s met bod 
fPAam. Jov.ni. (3), xii. p. 724); a rapid mode of opium assay, MM. Purtes mid 
Lanjkis (.We de Ihanu. el de Cliim Nov. 1881) ; Vcat Booh of Piuermuj, 1S8*> 
To the above may beadded-(l) Sckacht’s Method. -5 to 10 grins, of dry fim-lv- 
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Douzard Method.— Heat 8 grms. of the sample with 100 e.c, of 
water in a closed flask for one hour, cool, add 3 grms. of slaked l ime 
shake during one hour, filter. Take 51'6 e.c. of the filtrate and place 
in a corked flask •with 5 c.c. of 90 per cent, alcohol and 30 ere- of ether 
and 2 grms. ammonium chloride. Shake during thirty minutes, and 
allow to stand for twelve hours ; filter ; remove the ether from the filter 
with a pipette ; wash the flask and filter with morphinated water until 
free from chlorides, then wash once with 10 c.c. of distilled water and 
pour on to the filter 15 c.c. of ether which, after a few minutes, remove 
with a pipette Expose the. filter to the ai r for thirty minutes, then place 
in a beaker and gently heat with 20 c.c. of re/10 H 2 S0 4 ; cool and 
titrate with re/10 NaOH, using methyl-orange as an indicator. 1 c.c 
nj 10 H 2 S0 4 = 0'0283 grin, morphine; add -05 grm. to the weight 
found. 

If tincture of opium is to be estimated take 100 c.c and evaporate 
to 30 c.c,, add 3 grms. of slaked lime and make up to 100 c.c, add 
2 c.c, of water, shake during one hour, filter and treat 50 c.c. of this 
filtrate as above. 


powdered opium arc digested with sufficient distilled water to make a thin pulp. 
After twenty-four hours the whole is thrown on a weighed filter, and washed until 
the washings are almost eolou rless and tasteless, The portion insoluble in water is 
dried at 100° and weighed ; in good opium, this should not exceed 40 per cent. The 
filtrate is evaporated until it is about one-fifth of the weight of the opium taken 
originally ; itis then cooled, filtered, and treated with pure animal charcoal, until the 
dark brown colour is changed into a brownish-yellow, The liquid is then refiltered, 
precipitated with a slight excess of ammonia, allowed to stand in an open vessel 
until all odour of ammonia disappears, and at the same time frequently stirred, in 
orderthat the precipitate may not beeome crystalline — a form whidi is always more 
difficult to purify. The precipitate is now collected on a tared filter, washed, dried, 
and weighed, With an opium containing 10 per cent, of morphine, its weight is 
usually 14 per cent. A portion of the precipitate is then detached from tlie filter, 
weighed, and exhausted, first with etlier, and afterwards with boiling alcohol 
(0 - 81 specific gravity), Beingthus purified from narcotiiie, aud containing a little 
colouring matter- only, it may uow bo dried aud weighed, and the amount of mor- 
pdiiue calculated, on thewliob, from the dataobtaiued. 

(2) Meuiy has proposed, a titration by oxalic acid as follows-. — 2 grms. of the 
powda-ed opium, arc macerated, a few hours with 8 c.e, of aqueous oxalate of 
ammonia, brought on a filter, and washed with 5 c,e. of water, To the filtrate an 
equal volume of 80 per cent, alcohol and ammonia to alkaline reaction is added; 
and, after standing twenty-four hours in a dosed flask, it is filtered, and the flask 
riused out with some c.c. of 40 per cent, alcohol. The filter, with its contents, 
after drying, is placed in the same flask (which should not be cleansed), a few 
drops of alcoholic logwood solution are added, with an excess of oxalic acid solu- 
tion of knowu strength, the whole being made up to 100 c.e. This is divided 
into two parts, and the exoess of acid titrated back with diluted soda-lye. If 
the oxalic acid solution is of the strength of 4"42 grms. to the litre, every c.c. of 
the oxalic acid solution which has become bound up with morphine, corresponds to 
0 '02 grm. of morphine. 


19 
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q 347 Medicinal and other Preparations of Opium.-Tlic chief 
mixtures' plls, and other forms, officinal and non-officinul, m which 
opium may be met with, are as follows: — 

(1) Officinal. 

Compound Tincture of Camphor, P. B. (Paregoric).— Opium, cam - 
phor, benzoic acid, oil of anise, and proof spirit r the opium is in the 
proportion of about 0'4 per cent., or 1 grain of opium in C J40 minims. 

Ammoniated Tincture ofOpium (Scotch paregoric). — Stroup ho lu tim i 
of ammonia, rectified spirit, opium, oil of anise, saffron, and benzoin 
acid. Nearly 1 per cent, or 1 grain of opium in every 9 (i minims. 


The Compound Powder of Kino, P. B. 

Opium, ...... 

5 

20 

]x 3 v cent.. 

Cinnamon, ..... 

» 

Kino, ...... 

75 

» 

The Compound Powder of Opium, P. B. 

Opium, ...... 

. lO'OO 

per cent 

Black Pepper, 

. 13 '33 

ij 

Ginger, ...... 

. 33 '3.3 

» 

Caraway Fruit, ..... 

. 40 '00 

i* 

Tragacauth, , , , . . 

. 3'.Ti 

» 

Pill of Lead and Opium, P. B. 



Acetate of Lead, .... 

. 75 '0 

per cent.. 

Opium, ...... 

. 12 -5 

n 

Confection of Roses, .... 

. 12 '5 

» 


Tincture of Opium (Laudanum),— Opium and proof spirit. One 
grain of opium in 1 4 ‘8 minims — that is, about 6'7 parts hy weight, in 
100 by measure. 

The amount of opium actually contained in laudanum 1ms been 
investigated by Mr. Woodland,* from fourteen samples purchased from 
London and provincial chemists The highest percentage of extract \v: is 
5‘01, the lowest 3'21, the mean bang 4' 24; the highest percentage of 
morphine was '70 per cent., the lowest '32, the mean being •51 per cunt. 
It is, therefore, clear that laudanum is a liquid of very uncertain 
strength, 

Aromatic Powder of Chalk and Opium.— Opium 2'5 per cent., the 
rest of the constituents being cinnamon, nutmeg, saffron, cloves carda- 
moms, and sugar. 


Tear Book of Pharuuwy, 1882. 



§ 3470 opium. 291 

Compound Powder of Ipecacuanha (Dover’s Powder). 

Opium, ....... 10 per cent. 

Ipecacuanha, ...... 10 ,, 

Sulphate of Potash, . . . . SO ,, 

Confection of Opium (Confectio opii) is composed of syrup and 
compound powder of opium ; according to its formula, it contains 2'4 per 
cent, of opium by weight. 

Extract of Opium contains the solid constituents capable of extrac- 
tion by water; it should contain 20 per cent, of morphine, and is therefore 
about double the strength of dry powdered opium. 

Liquid Extract of Opium has been also examined by Mr. Wood, 
land : * ten samples yielded as a mean 3'95 per cent, of dry extract, 
the highest number being 4 '92 per cent., the lowest 3'02. The mean 
percentage of morphine was ‘28 per cent., the highest amount being '37, 
and the lowest T9 per cent. 

Liniment of Opium is composed of equal parts of laudanum and 
soap liniment ; it should contaiu about 0'0375 per cent, morphine. 

The Compound Soap-pill is made of soap and opium, one part of 
opium in every 5'5 of the mass — i.e. about 18 per cent. 

Ipecacuanha and Morphine Lozenges, as the last, with the addition 
of ipecacuanha; each lozeuge contains grain (l - 8 mgrms.) morphine 
hydrochlorate, - v l y grain (5'4 mgrms,) ipecacuanha. 

Morphia Suppositories are made with hydroehlornte of morphine, 
benzoated lard, white wax, and oil of theobroma; each suppository 
contains $ grain (32'4 mgrms,) of morphine salt. 

Opium Lozenges are composed of opium extract, tincture of tolu, 
sugar, gum, extract of liquorice, and water. Each lozenge contains ^ u - 
grain (6'4 mgrms,) of extract of opium, or about -.U- grain (13 lugrm.) 
morphine. 

The Ointment of Galls and Opium contains one part of opium in 
14'75 parts of the ointment — i.e. opium 6'7 per cent. 

Opium Wine, P. B, — Sherry, opium extract, cinnamon, and cloves. 
A.bout 5 parts of opium extract by weight in 100 parts by measure: 
(22 grains to the ouuce). 

Solutions of Morphine, both of the acetate and hydroclil orate, V. IS,, 
are made with a little free acid, and with rectified spirit. Tire strength of 
each is half a grain in each fluid drachm ('0324 grm. in 3 , r F i49), or '91 
part by weight in 100 parts by measure. 

Solution of Bimeconate of Morphine, — One fluid oz. contains frj 
grains of bimeconate of morphine. 

Morphia Lozenges are made with the same accessories as opium 

* Op, cit. 
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lozenges, substituting morphine for opinm ; each lozenge contains * l „- 
orain of hydiochlorate of morphia (1 '8 rngrm.). 

° Syrup of Poppies.— The ordinary syrup of poppies is sweeteud 
laud-mum It should, however, be what it is described— viz., a syrup 
of poppy-heads. As such, it is said to contain one gram of extract of 

opium to the ounce. 


(2 ) Patent and other Non- Officinal Pre tar avion s of Oi-ium. 

Godfrey's Cordial is made ourather a large scale, a>i«l is variaiilo in strength ami 
composition. It usually coutaius about If grains of opium in each fluid (Umrv, * and, 
■IS ,‘tl.tf-v constituents : sassafras, molasses or treacle, recti lied spirit and nivi. «(s 
llaViiariug iugredients, especially ginger, doves, and coriander ; aniseed auii riimwiiy.-. 
iuav also lie detected, 

’ Grinrod’s Remedy for Spasms consists of hydroolilowte of morphine, spirit nf 
sal-volatile ether, and camphor julep ; strength, 1 grain of the hydriHililociiti- in 
even- 6 ouuces, 

Lemaurier’s Odontalgic Essence is acetate of morpliine dissolved in e.lu-i-ry- 
laurel water; strength, 1 graiu to tlie ounce. 

Nepenthe is a preparation very similar to Ziq . Opii sedatn\, aud is of about I In- 
same strength as laudanum, t 

Black Drop (known also by various names, such as Amstioug’s black Drnp) 
is essentially an acetic acid solution of tire constituents of opium. It is usually 
cousidered to he of four times tlie strength of laudanum. The wholesale n-ri-ipi 
for it is: Laudanum, 1 oz., and distilled vinegar 1 quart, digested for a 
fortnight. Tlie original formula proposed iiy tlie Quaker dunlin- of 1 Indium, 
Edward Tunstall, is — Opium, sliced, f lb. ; good verjuice,:}: 3 pints; ami nutmeg, 
If oz. ; boiled down to a syrup thickness; f lh of sugai- uud 2 truspomifuls of 
yeast are then added. The whole is set in a warm place flu- six or eight, weeks, 
after which it is evaporated in the open air until it becomes of the ebiisistencci of 
a syrup. It is lastly decanted and filtered, a little sugar is added, and the liquid 
made up to 2 pints. 

“ Nurses 1 Drops ” seem to be composed of oil of caraway andlainhunmi. 

Powell' s Balsam of Aniseed, according to evidence in tlie awe of I'Jncaiiuoui/irof 
Society v. Armson (Phann,. Journ., 1894), contains in every oz. f,, grain of innriiiihie. 


Balky’s Carminative — 

Carbonate of magnesia, .... 
Tincture of castor, and compound tincture of 
cardamoms, of each 
Laudanum, . 

Oil of aniseed, 

Oil of nutmeg. 

Oil of peppermint, 

Peppermint water, 


40 grains. 

15 drops. 

5 ,, 

3 ,, 

2 drops. 

1 1 1 

2 fl. OUIKSCH, 


T» c \ ... ’ * H, UUlllSCH, 

Dose, from a half to one teaspoonful, Another recqic has no laudanum, l>at iiist mil 
syrup of poppies. ’ 


f made according to Dr. Paris’ formula, 1| grainsiu an ounce. 

„ li+tl k majb f re ,^ rfe( * as a Purified alcoholic solution of mcoonate ofnmrpliia with 
a little excess of acid, and of about the same stre ugth as laudanum , .-2V tnll ’ 
t Ta-juice is the juioe of the wild crab 
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Chlorodyne — Brown's Clilorodyue is composed of — 

Chloroform 

. <> 

drachms. 

Chloric other, 

1 

>1 

Tincture of capsicum 

1 

' r 

»> 

Hydrochlorate of morphine, 

S 

gniiUH. 

Scheelc’s prussic acid, .... 

. 12 

dm 

Tincture of Indiau hemp, .... 

1 

drachm. 

Treacle, 

1 

)) 

Atkinson's Infant Preserver — 

Carbonate of magnesia, .... 

. 0 

drachms. 

White sugar, ,..••• 

0 

ounces, 

Oil of aniseed, 

. 20 

drops. 

Spirit of sal- volatile, 

2? 

il rachitis. 

Laudanum, , .... 

l’ 

> > 

Syrup of saffron, ..... 

1 

0111 me. 

Caraway water, to make Up, 

1 

pint. 

Boerhaave’s Odontalgic Essence — 

Opium, ....... 

• h 

driwluiu 

Oil of cloves, .... . 

, *j 

>> 

Powdered camphor, ..... 

5 

,, 

Rectified spirit, ... . . 

• 4 

fl. umn»'s. 


§ 34S. Statistics. — Dnriug the ten years 1894-1003, 1505 ihsii.hu 
in England and Wales were attributed to some form or other of opium 
or its active constituents ; 882 were due to accident or negligence ; till 1 
were suicidal and 2 were homicidal deaths. To these may bo added 
the deaths of 66 males and 36 females (102 total) from t.liu nccilcnkil 
taking of chlorodyne, the suicidal deaths of 36 males and 3 females 
from the same drug, and 9 children dying from soothing syrup, making 
a grand total of 1655 deaths from some form or other of opium or its 
active constituents in ten years. The sex distribution of the deaths 
ascribed to accident and those ascribed to suicide am iUrUiihnl in the 
following tabular statement : — 


DEATHS IN ENGLAND AND WALES DURING THE TEN YEARS 1K>)1 1'iftt 
FROM OPIUM, LAUDANUM, MORPHINE, Kir. 


Accident. 


SuiuinK. 

Males, 

Females, 

53(1 

3-16 

Malms, 

Remains, 

. till: 
imp 


Total, . 882 


Total, . 1121 


Of European countries, England hits the greatest proportional number 
of opium poisonings. In France, opium or morphine poisoning accounts 
for about I per cent, of the whole ; and Denmark, Sweden, Switzerland, 
Germany, all give very small proportional numbers ; arsenic, phosphorus, 
and the adds taking the place of opiates. The more considmnl de mar. 
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tality arises, in great measure, from the pernicious practice — both of the 
hard-working English mother and of the baby-farmer — of giving infants 
various forms of opium sold under the name of “ soothing syrups," 
“ infants’ friends, ’’ “ infants' ■preservatives ,” “ nurses’ drops,” and the like, 
to allay restlessness, and to keep them during the greata' part of their 
existence asleep. Another fertile cause of accidental poisoning is mistakes 
in dispensing ; but these mistakes seem to happen more frequently on 
the Continent than in England. This is in some degree due to the 
decimal system, which has its dangers as well as its advantages, i\y. : — A 
physician oidered ‘5 decigrm. of morphine acetate in a mixture for a child, 
but omitted the decimal point, and the apothecary, therefore, gave ten 
times the dose desired, with fatal effect. Again, morphine hydrochlorate, 
acetate, and similar soluble salts are liable to be mistaken for other wliite 
powders, and in this way unfortunate accidents have occurred — accidents 
that, with proper dispensing arrangements, should be impossible. 

§ 349. Poisoning of Children by Opium. — The drugging of children 
by opium — sometimes with a view to destroy life, sometimes merely for 
the sake of the continual narcotism of the infant — is especially rife in 
India.* A little solid opium is applied to the roof of the mouth, or 
smeared on the tongue, aud some Indian mothers have been known to 
plaster the nipples with opium, so that the child imbibes it with the 
milk. Europeans, again and again, have discovered the native nurses 
administering opiates to the infants under their care, and it is feared 
that in many cases detection is avoided. 

The ignorant use of poppy-tea has frequently caused the death of 
young children ; thus In 1875 an inquest was held at Chelsea ou the 
body of a little boy two years and a half old, He had been suffering 
from whooping-cough aud enlargement of the bowels, and poppy-tea 
was by the advice of a neighbour given to him. Two poppy-heads were 
used in making a quart of tea, and the boy, after drinking a great 
portion of it, fell into a deep sleep, and died with all the symptoms of 
narcotic poisoning, 

§ 350, Doses of Opium and Morphia, — Opium in the solid state is 
prescribed for adults in quantities not exceeding 3 grains, the usual dose 
being from 16 '2 mgrms, to 64‘8 mgrms, (J to 1 grain). The extract of 
opium is given in exactly the same proportions (special circumstances, 
such as the habitual use of opium, excepted) ; the dose of all the com- 
pounds of opium is mainly regulated by the proportion of opium contained 
in them. 

The dose for children (who bear opium ill) is usually very small ; 
single drops of laudaunm are given to infants at the breast, and the dose 
cautiously increased according to age. Most practitioners would consider 
* SeeDi, Chever’s Jurisprudence, 3rd ed., 232 etsey. 
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half a grain a very full dose, and, in eases requiring it, would seldom 
prescribe at first more than T \ to ^ grain. 

The dose of solid opium for a horse is from V77 grms. to 7'08 grins, 
(s| drachm to 2 drachms) ; in extreme cases, however, 4 drachms (14T6 
grms.) have been given. 

The dose for large cattle is from '648 grm. to 3'88 grans. (10 to 60 
grains); forcalves, '648 grm. (1 0 grains); for dogs it is greatly regulated 
by the size of the animal, 16'2 to 129'6 mgrms. (J grain to 2 gr ain s). 

Fatal Dose. — Cases are recorded of infants dying from extremely 
small doses of opium, e.g. '7, 4 '3, and 8T mgrms. (7^, T \, and -} of a 
grain) ; but in such instances one cannot help suspecting some mistake. 
It may, however, be freely oonceded that a very small quantity might 
be fatal to infants, and that 3 mgrms. given to a child under 1 year 
would probably develop serious symptoms. 

The smallest dose of solid opium known to have proved fatal to 
adLults was equal to 259 mgrms. (4 grains) of crude opium (Taylor), 
and the smallest dose of the tincture (laudanum), 7'0 c.c. (2 drachms) 
(Taylor ) ; the latter is, however, as already shown, uncertain in its 
composition. 

A dangerous dose (save under special circumstances) is : — For a 
horse, 14 i 7 grms. (4 drachms) ; for cattle, 7'04 grms. (2 drachms); for 
a dog of the she and strength of a foxhound, 204 mgrms. (3 grains). 

Enormous and otherwise fatal doses may he taken under certain con- 
ditions by persons who are not opium-eaters. The senior author has 
seen 13 c grins, (2 grains) of morphine acetate injected hypodermically 
in a strong man suffering from rabies with but little effect. Tetanus, 
strychnine, convulsions, and excessive pain all decrease the sensibility 
of the nervous system to opium, 

§ 351. General Method for the Detection of Opium, — It is usually 
laid down in forensic works that* where poisoning by opium is suspected, 
it is sufficient to detect the presence of meconie acid in order to establish 
that of opium. In a case of adult poisoning there is generally substance 
enough available to obtain one or more alkaloids, and the presence of 
opium may, without a reasonable doubt* be proved, if meconic acid (as 
well as either morphine, narcotine, thebaine, or other opium alkaloid) 
has been detected. Pills containing either solid opium or the tincture 
usually betray the presence of the drug by the odour, and in such a case 
there can be no {possible difficulty in isolating morphine and meconic 
acid, with probably one or two other alkaloids, The method of extrac- 
tion from organic fluids is the same as before described, but it may, of 
coarse, be modified for any special purpose. If opium, or a preparation 
of opium, be submitted to Dragendorlfs process (see p. 256), the 'follow- 
ing is a sketch of the chief points to be noticed, 
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If the solution is acid — 

(I) Benzene mainly extracts meconin, which dissolves m sulphuric 
acid very gradually (in twenty-four to forty-eight hours), with a grucu 
colour* passing into red. Meconin has no alkaloid id reaction. 

(d) Amyl alcohol dissolves small quantities of mo.vnia acid, identified 
by striking a blood-red colour with ferric chloride. 

If now the amyl alcohol is removed with the aid of petroleum ether, 
and the fluid made alkaline by ammonia, — 

(1) Benzene extracts narcotine, codeine, and thebainc. On evuporti 
t-ionof the benzene the alkaloidal residue uiaybc dissolved in water, 
acidified with sulphuric add, and after filtration, on adding ammonia in 
excess, thebaiue and narcotine are precipitated, codeine reniiuniug in 
solution. The dried precipitate, if it contain thebaiue, becomes I flood* 
red when treated with cold concentrated sulphuric acid, while narco til in 
is shown by a violet colour developing gradually when the substance 
is dissolved in dilute sulphuric acid 1 : 5, and gently wanned. The 
codeine in the ammoniacal solution can be recovered by shaking up 
with benzene, and recognised by the red colour which the solid snlwtancn 
gives when treated with a little sugar and sulphuric acid. 

(2) Chloroform especially dissolves the narceine, which, on evapora- 
tion of the chloroform, may be identified by its general characters, ai id 
by its solution in Frohde’s reagent becoming a beautiful bine colour. 
Small quantities of morphine may be extracted with codeine. 

(3) Amyl alcohol extracts from the alkaline solution morphine, 
identified by its physical characters, by Its forming it crystalline precipi- 
tate with iodine and hydriodic acid, and the reaction with iodic acid in 
be described. 

§ 352. Morphine (C 17 H 1Y N O(OH), + HgO). — Morphine occurs in 
commerce as a white powder, sp, gr, I '205, usually in the form of more 
or less perfect six-sided prisms, but sometimes iu that of white- silky 
needles. "When heated in the subliming cell (described at p. 1260), 
faint nebulae, resolved by high microscopic powers into minute dots, 
appear on the upper disc at 150°. As the teinpa'aturc is raised the 
spots become coarser, and at 188° distinct crystals may be obtained, the 
best being formed at nearly 200°, at which temperature morphine begins 
distinctly to brown, melt, and carbonise. At temperatures below 188 ', 
instead of minute dots, the sublimate may consist of white circular spots 
or foliated patterns, One part of morphine, according to P, Clinstiaiujg, 
is soluble at a temperature of 3° in 33,333 parts of water; at 22°, hi 
4545 parts ; at 42°, 4280 ; and at 100°, 4562. It is scarcely solnhl e in 
ether or benzene Absolute alcohol, according to Pettenkofer, dissolves 
in the cold one-fortieth of its weight; boiling, one-ttirticth. Amyl 
alcohol, m the cold, dissolves one-fomth percent., and still more if the 
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alkaloid be thrown out of an aqueous acid solution by ammonia in the 
presence of amyl alcohol ; for under such circumstances the morphine 
has no time to become crystalline. According to Schlimpert, 1 part 
of morphine reqitires 60 of chloroform for solution j according to 
Pettenkofer, 175. 100 parts of tetrachloride of carbon dissolve 'OS'S 

morphine (J. Schindeltneiser, Chemiker-Zeitung , xxv. 129). 

Morphine is easily soluble in dilute acids, as well as in solutions of 
the caustic alkalies and alkaline earths ; carbonated alkalies and chloride 
of ammonium also dissolve small quantities. The acid watery, and the 
alcoholic solutions, turm the plane of polarisation to the left; for 
sitlphuric, nitric, and hydrochloric adds [c]r = 89'8° ; in alkaline solution 
the polarisation is less, [«]>< = 45 '22°. It is alkaline in reaction, neutral- 
ising acids fully ; and, in fact, a convenient method of titrating morphine 
is by the use of a centinomal sulphuric acid — each c.c. equals -2'85 
mgrms. of anhydrous morphine. 

§ 353. The salts of morphine are for the most part crystalline, and 
are all bitter, neutral, and poisonous. They are insoluble in amylic 
alcohol, ether, chloroform, benzene, or petroleum ether. 

Morphine meconate is one of the most soluble of the morphine 
salts ; it is freely soluble in water. Of all salts this is most suitable 
for subcutaneous injection ; it is the form in which the alkaloid exists 
in opium. 

Morphine hydrochlorate (C 17 H 19 N'0 3 HC1) crystallises in silky fibres ; 
it is readily soluble in alcohol, aud is soluble hi cold, more freely in 
boiling, water, The purest morphine hydrochlorate is colourless, but 
that which is most frequently met with in commerce is fawn or buii- 
ooloured 

Morphine acetate is a crystallisable salt, soluble in water or alcohol ; 
it is in part decomposed by boiling the aqueous solution, some of the 
acetic acid escaping, 

Morphine Tartrates. — These are readily soluble salts, and it is im- 
portant to note that the morphine might escape detection, if the expert 
trusted alone to the usual test of an alkaloidal salt giving a precipitate 
when the solution is alkalised by the fixed or volatile alkalies ; for the 
tartrates of morphine do not give this reaction, nor do they give any 
precipitate with calcic chloride. By adding a solution of potassium 
acetate in spirit, and also alcohol and a little acetic acid to the con- 
centrated solution, the tartrate is decomposed, and acid tartrate of 
potassium is precipitated in the .insoluble fonn ; the morphine in 
the form of acetate remains in solution, and then gives the usual 
reactions. 

The solubility of morphine salts in water and alcohol has been in- 
vestigated by Mr, J, IT. Iloyd, His results are as follows : — 
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Morphine Acetate. 

11-70 parts of water by weight at 15 0“ dissolve 1 part of morphine 
acetate. 

parts of water by weight at 100“ dissolve 1 part of morphine 
acetate. 

tiS'30 parts of alcohol by weight ('820 specific gravity) at 10 '0 dissolve 
1 part of morphine acetate. 

13-30 parts of alcohol by weight ('820 specific gravity) at 100° dissolve- 
1 part of morphine acetate. 

Morphine Hydrochlorate, 

03.40 parts of water dissolve at 15“ 1 morphine hydroelilorato. 

•51 part of water dissolves at 100“ 1 morphine hyd rod derate. 

62'70 parts of alcohol ('820 specific gravity) dissolve at 1 5° 1 morphine 
hydrochlorate. 

30 'SO parts of alcohol (-820 specific gravity) dissolve at 100“ 1 morphine 
hyd roc Mora te. 


Morphine Sulphate. 

21 '60 parts of water at 15“ dissolve 1 morphine .sulphate. 

•75 part of water at 100° dissolves 1 morphine sulphite. 

701‘5 parts of alcohol ('820) at 15“ dissolve 1 morphine sulphite. 
144'00 parts of alcohol ('820) at 100° dissolve 1 morphine sulphate. 

§ 354. Constitution of Morphine and Codeine. — Morphine is n 
tertiary base. It forms diacetyl and dibenzoyl derivatives, hence it 
contains two hydroxyl derivatives, one a phenol, the other an alcohol. 
Morplrine when mildly oxidised forms pscudomorphine idcrutioal with 
natural pseudo morphine. 

2C 17 H m N0 3 4-0 (C 17 H 18 m t ) 4 + 11,0 

Psaidfuriorpliiuo. 

Sulphuric, hydrochloric, phosphoric turd oxalic acids, tins alkalies, 
and zinc chloride have a twofold action on morphine, giving eonriou 
sation products and a dehydration product, apointirpJdne C l7 l l l7 iS r O.., 
which has a powerful emetic action. Apomorphi ne is an amorphous base 
soluble in alcohol, ether, and chloroform, Oodeine is the nronomcthyl 
ester of morphine, 

C l7 H l7 NO(OH)(OH) C i 7 H i7 N 0( OH)( O C Ih) 

Morphine Codeine. 

Codeine by loss of water yields apocodeine C^H^NO,. By treating 
codeine with concentrated hydrochloric add at ' 100°, dilorcodidc, 
CigH^CllfO,, is obtained; on heating this with hydrochloric acid at 
150 , methyl chloride and apomorphine result Morphine has been 
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converted into codeine by heating with methyl iodide and caustic, 
potash when the phenol hydroxyl of the morphine is alkylated, 

C l7 H l7 NO(OH)^ +- CH3I4 KOH C l7 H l7 NO(OH)(0GH 3 ) + Kl4-a 2 O 

Morphine. Codeine. 

When codeine methyl hydroxide is distilled it yields methyl- 
moiphimetldne (0H)(CH 3 0)C l7 H 1(1 0 = N — CH 3 4-H o 0 ; this heated with 

Ollv 

HC1 gives methyldioxypheuanthrene Xc, 4 H g and dime thy loxetbyl- 

0H S 0 

amine OH— C. 2 H 4 - N(CH 3 ) 2 . The first of these has been shown to be 
the mouomethyl ether of dioxyphenanthrene or methyl morphol ; the free 
base from this is known as morphol, and has been proved to be 3, 4 dioxy. 
phenanthrene, and methyl morphol is 3-methoxy*4*oxyphenanthrene, 

OH OH OH OCH, 

<~ >~X^> ' < > 

X / X / 

Morphol. Metkylmorphoh 

The nitrogenous base formed on heating methylmorphimethine 

CH.OIi 

with HC1 may be represented thus, | dimethyl ethyl 

GH,X(CH 3 ) 2 

oxethylamine, aud from tire formation of this compound morphine is 
considered to contain an oxazine rine of the form 


H..C CH.j 
NH 

this is called morpholine. 

Morphine and codeine thus appear to be ring systems containing the 
phenanthraic complex in connection with a morpholine ring, aud the 
following formula has been proposed for morphine, 

CH 

HO • C.A CH 


l C 

CX/V, 

Cl l' 


H\ C ' ' CH 

CH.^^^JhC 4 yc 


Morphine, 
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< 355 Tests for Morphine.— (1) One lnuidrcdtli of a milligrin. of 
pure morphine gives a bine colour to a paste of ammonium molyKlatc 
in sulphuric acid ; 20 mgrms. of ammonium molybdate arc rubbed with 
a glass rod in a porcelain dish, and well mixed with 5 drops of pure 
strong sulphuric acid and the morphine in a solid form applied ; tituuie 
acid and tungstates give similar reactions. 

(2) Morphine possesses strong reducing properties; a Httlo solid 
morphine dissolved in a solution of ferric chloride gives a Prussian 
blue precipitate when ferrideyanide solution is added. A number of 
ptomainesand other substances also respond to this test, so that in itself 
it is uot conclusive. 

(3) Kobert’s Test. — 2-3 drops of formalin arc mixed with 3 o.c. of 
strong H.jS 0 4 ; this reagent is mixed in a wat dr glass with the dry 
substance. Morphine becomes purple-red, theu violet, then clear blue. 
The solution examined spectroscopically shows a band in the yellow and 
orauge J diouiu, codeine, and heroine give similar reactions ; methyl plum- 
morpholin gives an intense red colour. 

(4) Iodic Acid Test, — The substance supposed to lie morphine is 
converted into a soluble salt by adding to acid reaction a few drops of 
hydrochloric acid, and then evaporating to dryness. The salt thus 
obtained is dissolved in as little water as possible — this, as in toxi- 
cological researches only small quantities are recovered, will prubably 
be but a few drops. A little of the solution is now mixed with a very 
small quantity of starch paste, and evaporated to dryness at a gentle 
heat in a porcelain dish. After cooling, a drop of a solution of 1 part 
of iodic acid in 15 of water is added to the dry residue; and if evm tin- 
Tc.mnr °f a graiu of morphine be present, a blue colour will Ik; developed. 

Another way of working the iodic acid test is to add the iodic acid 
solution to the liquid in which morphine is supposed to ho dissolved 
and then shake the liquid up with a few drops of carbon disulphide, 1 f 
morphine be present, the carbon disulphide floats to the top distinctly 
coloured pink. Other substances, however, also set free iodine from 
iodic acid, and it has, therefore, been proposed to distinguish morphine 
from these by the after-addition of ammonia. If ammonia is added to 
the solution, which has been shaken up with carbon disulphide, the pink 
or red colour of the carbon disulphide is deepened, if morphine wuh 
present ; on the contrary, if morphine was not present, it is either 
discharged or much weakened, 

(5) Iloyd’s Test.— A mixture of hydra, stin and morphine mixed 
with a few drops of sulphtiric acid develops after about five minutes a 
blue- violet colour, This reaction has been investigated by J. L. Mayer *' 
and shown to be almost distinctive. 

* ZeU. /. antilyt. Chemic, 1902, 576 
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(6) Vanadic Acid Test. — Vanadate of ammonia is dissolved in strong 
sulphuric acid ; the acid must be added until the yellow colour dis- 
appears and a colourless solution is obtained ; morphine warmed with 
a few drops of this solution produces a fine green colour, or, if the 
solution is diluted, a bluish-green colour. 

(7) Tungstic Acid Test. — A solution of anything like 1 per cent, of 
sodium tungstate is inapplicable ; but if a dilute solution of the salt is 
taken (say 1 mgrm. per cc.) and acidified with sulphuric acid, the 
solution gives a violet colour with morphine or morphine salts. 

(8) Titanic Acid Test. — Titanic acid is dissolved in strong sulphuric 
acid by the aid of heat ; the solution should be syrupy and clear. A 
drop of this solution added to solid morphine strikes immediately a 
black colour.* 

Other Reactions. — There are some very interesting reactions besides 
those just mentioned. If a saturated solution of chloride of zinc be 
added to a little solid morphine, and heated over the water-bath for 
from fifteen minutes to half an hour, the liquid develops a beautiful and 
persistent green colour. This would be an excellent test for morphine 
were it not for the fact that the colour is produced with only pure 
morphine. For example, the reaction is not obtained from morphine 
in very well-formed crystals precipitated from ordinary laudanum 
by ammonia, the least trace of resinous or colouring matter seriously 
interfering. By the action of nitric acid on morphine, the liquid 
becomes orange -red, and an acid product of the formula C.oHjNOg is 
produced, which, when heated in a closed tube with water at 100°, 
yields trinitrophenol or picric acid. On adding a drop of sulphuric 
acid to solid morphine in the cold, the morphine solution becomes 
of a faint pink ; on gently warming and continuing the heat until 
the acid begins to volatilise, the colour changes through a series 
of brownish and indefinite hues up to black. On cooling and 
treating the black spot with water, a green solution is obtained, 
agreeing hi hue with the same green produced by chloride of zinc. 
Vidalif has proposed the following test: — Morphine is dissolved in 
strong sulphuric acid, and a little arsenate of sodium is added ; on 
gently wanning, a passing blue colour develops ; on raising the tempera- 
ture higher, the liquid changes into green, then into blue, and finally 
again into green, Codeine acts very similarly. C. Reichard ( Chem . 
Zeit., 1904) uses As 2 0 3 dissolved in strong NaOH solution; to a c.c. 
of this is added morphine and then strong H 2 S0 4 ; an intense and 
permanent purple colour develops. The following test originated with 

* C. Rciehard, Zeit. f. analyt. Cliemic, 1903, 95. 

t D. Vidali, Bull. Fannaccut., Milano, 1881, p. 197 ; D. B. Dott, Year Booh of 
Pharmacy, 1882, 
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Siebold (American Journal of Pharmacy, 1S73, p. 044) : — The supposed 
morphine is heated gently with a few drops of concentrated sulphuric 
acid and a little pure potassie perchlorate. If morphine he p resent- 
the liquid immediately takes a pronounced brown colour— a reaction 
said to be peculiar to morphine, and to succeed with of a mgnu. In 
order to obtain absolutely pure perchlorate, potnssie. perchlorate is 
heated with hydrochloric acid so long as it disengages chlorine ; it is 
then washed with distilled water, dried, and preserved for use. There 
is also a test known as ' ‘ Pellagri’s " ; it depends on the production uf 
apomorphiue. The suspected alkaloid is dissolved hr a little strong 
hydrochloric acid, and then a drop of concentrated Hnlplmrie. arid is 
added, and the mixture heated for a little time from IOO” Ui 1 ‘-'O', 
until it assumes a purple- black colour. It is now cooled, some hydro 
chloric acid again added, and the mixture ncutn dined with sodic. 
cai'bonate. If morphine be present, on the addition of iodine in 
hydriodie acid, a cherry- red colour is produced, passing into green. 
Morphine and codeine are believed alone to give this reaction. 

The acetate of morphine, and morphine itself, when added to ferric 
chloride solution, develop a blue colour. When 1 molecule of niorjilimu 
is dissolved in alcohol, containing 1 molecule of sodium hydroxide, and 
2 vols, of methyl iodide are added, and the mixture gently heated, n 
violent reaction sets in and the main product is codeine niothiodido 
(Cj-HjgN 0 2 0CH, Me I), If only half the quantity of methyl iodide is 
added, then free codeine is in small quantity produced ; if ethyl iodide lie 
substituted for methyl, a new base is formed homologous -with codeine. 
If morphine is heated with iodide of methyl and absolute alcohol in a 
closed tube for half an hour at 100°, methyl iodide of nim'phinr is 
obtained in colourless^ glittering, quadratic crystals, easily sol able iu 
water (C l7 H 10 NO 3 MeI 4- H 2 0): similarly the ethyl iodide compound mm 
be produced. 

If morphine is heated for from two to three hours in a closed tube 
with dilute hydrochloric acid, water is eliminated — 


(C 17 H 19 N 0 3 — C 17 ff l7 N 0., -t- If.O), 

and the hydrochlorate of apoinorphine is produced. This succeeds when 
even A- mgrm, is heated with T \y c.c. of strong HC1, and the tests for 
apomorphine applied. 

If concentrated sulphuric acid be digested on morphine for twelve to 
fifteen hours (or heated for half an hour at 100°), on adding to the 
cooled violet-coloured solution either a crystal of nitrate of potash or of 
chlorate of potash, or a drop of dilute nitric acid, a beautiful violet-blue 
colour is produced, which passes gradually into a dark blood-red. 
iwu of a mgrm, will respond distinctly to this test. Priihde’s reagent 
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strikes with morphine a beautiful violet colour, passing from blue into 
dirty green, aud finally almost vanishing. ^ of a mgrm. will respond 
to the test, but it is not itself conclusive, since papaverine and certain 
glucosides give an identical reaction. 

§ 356. Symptoms of Opium and Morphine Poisoning, — The 
symptoms of opium and morphine poisoning- are so much alike, that 
clinically it is impossible to distinguish them; therefore they maybe 
considered together. 

Action on Animals — IFrogs. — The action of morphine or opium on 
frogs is peculiar; the animal at first springs restlessly about, and then 
falls into a condition extremely analogous to that seen in strychnine 
poisoning, every motion ox external irritation producing a tetanic con- 
vulsion. This condition is, however, sometimes not observed. The 
tetanic stage is followed by paralysis of reflex movements and cessation 
of breathing, the heart continuing to beat. 

Dogs . — 0 2 to 0'5 grm. of morphine meconate, or acetate, injected 
directly into the circulation of a dog, shows its effects almost immediately. 
The dog becomes uneasy, and moves its jaws and tongue as if some 
peculiar taste were experienced ; it may bark or utter a whine, and then 
in a minute or two falls into a profound sleep, which is often so deep 
that while it lasts— usually several hours — an operation may be per- 
formed. In whatever attitude the limbs are placed, they remain. The 
respiration is rapid and stertorous, and most reflex actions are extin- 
guished, Towards the end of the sleep, any sudden noise may startle 
the animal, and when he wakes his faculties are evidently confused. 
A partial paralysis of the hind leg has often been noticed, and then the 
dog, with his tail and pelvis low, lias something the attitude of the 
hyena, Hence this condition (first noticed by Bernard) has been 
called the “hyenoid " state, If the dose is larger than 2 to 3 grins, 
(31 to 46 grains), the symptoms are not dissimilar, save that they 
terminate in death, which is generally preceded by convulsions.-* 

■*MM. Grasset and Amb lard have studied the action of morphine in causing con. 
vulsious iu the mammalia, They found that if small doses d hydrochlorate of 
morphine (from 1 to 15 centigrammes) are administered to dogs, the brief sleep 
which is produced may foe accompanied by partial muscular contractions (in one 
paw, for instance), which are renewed at variable intervals, Then occur true con. 
vulsive shocks in the whole body ox- iu the liiad limbs, After an interval, the 
phenomena recur in more intense degree, and are followed by true convulsions. 
Regularly, tea or sixteen times a minute, at each inspiration, the hind limbs present 
a aeries of convulsive movements, which may become general. Sometimes they are 
excited by external stimulation, but they are usually spontaneous The sleep may 
continue profound during this convulsive period, or it may become distinctly lighter. 
These convulsive phenomena may contiuue, with intervals, for an hour, Differences 
aieobserved with different ani inals 1 but the chief characters of the phenomena are 
as described In certain animals, aud -with small doses, there may be a brief con. 
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Goats.— According to Guinard, goats are proof against tiro maootio 
iuflusice of morphine. Large doses kill goats, but death is emr.se d by 
interference with the respiratory function. A young gait weighing 30 
kilos, showed little effect beyond aslightly increased cerehrnl excitability 
after two doses of 8 and 8*5 grms. respectively of morphine hydro- 
chlorate had been administered by intravenous injection, the second 
being given an hour and a half after the first To tlio same animal two 
davs afterwards 195 grms. were administered in the same way, yet the 
goat recovered. The lethal dose for a goat seems to be un low than 
IOOO times that which will produce narcotism in man, and lies somewhere' 
between 0'25 to 0'30 per kilo, of the body weight* 

Cats and the Felidae. — According to Gurnard, f morphine injected 
subcutaneously or intravenously into cats, in doses varying from 0*1 
mgrm to 90 mgrms. per kilo., never produces sleep or narcotic prostra- 
tion. On the contrary, it causes a remarkable degree of excitement, 
incr eas ing in intensity with the dose given. This excitement is evidently 
accompanied by disorder in the functions of the brain, lind if the do.su is 
large convulsions set in, ending in death. According to Milne- F<1 wards, 
the same symptoms are produced in lions and tigers. 

Birds, especially pigeons, are able to eat almost incredible quantities 
of opium, A pigeon is said J. to have consumed 801 grains of opium, 
mixed with its food, in fourteen days. The explanation of this in Unit 
the poison is not absorbed ; for subcutaneous injections of salts of 
morphine act rapidly on all birds hitherto experimented upon. 

§ 357. Physiological Action. — From experiments on animals, t.htr 

vulsive phase at the commencement of die sleep, but it is much lows constant than 
the later period of spasm. These convulsions, the authors believe, Imvi: mil. pre- 
viously been described, exeept as a consequence ol very large dosos, luiuouitiug tn 
grammes. The period of cerebral excitement, described by Claude Unrniird ns 
occurring at the commencement of the sleep from morphine, is a pheiinnnouiu rtf* 
a different order, The conclusions drawn from the experiments are- — (1) Tinit 
morphine is not diametrically opposed to thebaine, as is often stated, si mm it lias, in 
a certain degree, the convulsve properties of the latter alkaloid, (*2) Tlmf Um 
excitomotor action of opium cannot be exclusively attributed to the Cimvuliavi; alka- 
loids, but is, in fact, due to those which are soporific, According On tin.- cmlimtry 
composition of opium, 5 centigrammes of morphine represait about a uu'Higraionir 
of thebaine, But these experiments show that the quantity of morpkiuo has a murdi 
more powerful convulsive action than a milligramme of thebaine, (3) Tliero is nut. 
the supposed antagonism between' the action of morphine on the frog uud on the 
mammalia. ( 4 ) The researches hitherto undertaken on the antagonism lartwemi 
morphine and other agents need to be rejieated, and a separate study niadu of tiro 
substances which antagonise the convulsive and soporific action. 

* Oompt. Mend,, t. cxvi, pp, 520-522, 

’t Compt, Mewl., t, cxi, pp. 981-983, The lovim animals also get excited, and 
no narcotic effect is produced by dosing them with morphine. — CoinjA. /tend. Sue. </<■ 
Biologic 1 1. iv., v. 

+ Hermann’s Lehrlnick der caper, Toxicohgie, p, 374, 
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essential action of morphine on the nervous and arterial systems has in 
some measure been examined. There is no very considerable action on 
the heart. The beats are firstaccelerated, then diminished in frequency ; 
but very large doses introduced directly into the circulation at once 
dimmish the pulsations, and no acceleration is noticed, The slowing 
may goon to heart -paralysis. The slowing is central in its origin, for 
on the vagi being cut, morphine always quickens, With regard to the 
peripheric ends of the vagi, small doses excite, large paralyse. If all 
the nerves going to the heart are divided, there is first a considerable 
acceleration, and theu a slowing and weakening of the pulsation. The 
arterial blood-pressure, at first increased, is afterwards diminished' 
This increase of blood-pressure is noticed during the acceleration of the 
pulse, and also during some portion of the time during which the pulse 
is slowed. Stockman and D. B, Dott,* experimenting on rabbits and 
frogs, consider that a medium dose of morphine first of all depresses the 
spinal cord and then excites it, for tetanus follows If morphine is in 
sufficient quantity thrown into the circulation, then tetanus at once 
occurs. It would thus appear that depression and stimulation is 
entirely a matter of dosage. Gescheidlen, in his researches on the frog, 
found the motor nerves at first excited, and then depressed. When the 
doses were large, there ‘was scarcely any excitement, but the reverse 
effect, in the neighbourhood of the place of application. According to 
other observers, the function of the motor naves may be annihilated. f 
According to Meihnizen, reflex action, at first much diminished, is later, 
after several hours, normal, and later still again increased. The 
intestinal movements am transitorily increased. . In the dog there has 
been noticed a greater flow of saliva than usual, and the flow of bile 
from tlic gall-bladder is diminished. The pupils in animals are mostly 
contracted, hut, if convulsions occur towards death, they are dilated. 

§ 35S, Physiological Effect of Morphine Derivatives, — By intro- 
ducing methyl, or amyl, or ethyl, into the morphine molecule, the 
narcotic action is diminished, while the tetanic effects are increased. 
Acetyl, diacetyl, hcnxoyl, and dibenzoyl morphine, morphine sulphuric 
ether, and nitrosotnorphine are all weaker narcotics than morphine, hut, 
on the other hand, they depress the functions of the spinal cord and 
bring on, in large doses, tetanus. 

'Fhe Introduction of two methyl groups into morphine, as in nietho 
codeine, C lJ II l7 McN0(01I) — Me, entirely alters the physiological effect, 
This compound has an action on voluntary muscle causing gradual 
paralysis- 

The chlorine derivatives, trichlormorphine and chlorcodeine, have 
the characteristic action of the morphine group on the central nervous 

* Bril, Med. /mirv, (2), 1890, 189-192. t An-h, f. U. ties. Physiol.,, vii. p. 201, 

20 
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system aud, in addition, act energetically as muscle poisons, soon 
destroying the contractile power of the voluntary muscles with which 
they first come into contact at the place of injection, and more gradually 

affecting- the other muscles of the body.'*' 

§ 359. Action on Man. — There are at least thvee forms of opium 
poisoning: — (1) The common form, ns seen in about 99 per cent, of 
cases; (2) A very sudden form, in which death takes place with fearful 
rapidity (the foudroyante variety of the French); t and (.1) a very ran; 
entirely abnormal j orm, in which there is no coma, but convulsions. 

In the common form there are three stages, viz. : — (1) Excitement ; 
(2) Narcosis; (3) Coma. In from half an hour to an hour j the first, 
symptoms commence, the pulse is quickened, the pupils arc contracted, 
the face flushes, and the hands and feet reddeued, — in other words, the? 
capillary circulation is active. This stage has some analogy to the acti< ui 
of alcohol; the ideas mostly flow with great rapidity, and instead of a 
feeling of sleepiness, the reverse is the case. It, however, insciusil >ly, 
and more or less rapidly, passes into the nextstage of heaviness and stuj i< ir. 
There is an irresistible tendency to sleep ; the pulse and the respiration 
become slower ; the conjunctive are reddened, the face and head often 
flushed. In some cases there is great irritability of the skin, and an 
eruption of nettle-rash. If the poison has been taken by the mouth, 
vomitiiig may be present. The bowels arc usually — in fact almost hrVuri- 
ably — constipated, There is also some loss of power over the bladder'. 

In the nest stage, the narcosis deepens into dangerous coma ; the 
patient can uo longer be roused by noises, shaking, or external stimuli ; 
the breathing is loud and stertorous; the face often pale; the burly 
covered with a clammy sweat, The pupils are still contracted, but tlmy 
may in the last hours of life dilate ; and it is generally agreed that, if a 
corpse is found with the pupils dilated, this circumstance, taken in its. -If, 
does not contra, indicate opium or morphine poisoning. Death occasion 
ally terminates by convulsion. 

The sudden fen'm is that in which the individual sinks into a deep 
sleep almost immediately — that is, within five or ten minutes — aud dies 
in a few hours. In these rapid cases the pupils arc said to be constantly 
dilated. 

Examples of the convulsive form are to be sought among opium-eaters, 
or persons under otherwise abnormal conditions. 

A man, 40 years old, who had taken opiates daily since his 21!ird 


* E, Stockman andDott, Brit, Med, Tourn. (2), 1890, 189-192. 
t Tardieu, fltuds Mid, Ligcdc sur l’ EirtpoisonnenienL 
t In a remarkable case related by Taylor, a lady took a large dose (sum, user 
,? oz. ) of laudanum, and there Were no symptoms for four and a half himis 
died 1 11 twenty .two hour*.* 


t» Iu> 
HIu; 
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year his dose being 6 gums. (92‘4 grains) of solid opium — when 
out hunting, of which sport he was passionately fond, took cold, and, 
as a remedy, administered to himself three times his accustomed dose. 
Very shortly there was contraction of the left arm,, disturbance of vision, 
pain in the stomach, faintness, inability to speak, and unconsciousness 
which lasted half an hour. Intermittent convulsions now set in, and 
pains in the limbs. There was neither somnolence nor delirium, but 
great agitation; repeated vomiting and diarrhoea followed. After five 
hours these symptoms ceased ; but he was excessively prostrate.* There 
was complete recovery. 

One may hazard a surmise that, in such a case, tolerance has been 
established for morphine, but not for other morphine alkaloids in the 
same degree, and that the marked nervous symptoms were in no small 
degree the effect of some of the homologous alkaloids, which, in such an 
enormous dose, would be taken in sufficient quantity to have a physio* 
logical .action. 

There are several instances of a relapsing or remittent form of 
poisoning — a form in which the patient more or less completely recovers 
consciousness, and then sinks back into a fatal slumber. One of the 
best known is the case of the Hon. Mrs Anson (January 1859), who 
swallowed an ounce and a half of laudanum by mistake. After 
remaining in a comatose condition fox more than nine hour's, she 
revived. The face liecamc natural, the pulse steady. She was able to 
recognise her daughter, and ui a thick voice to give an aceount of the 
mistake. Bat this lasted only ten minutes, when she again became 
comatose, and died in fourteen hours, t 

In a Swedish case quoted by Maschka,): a girl, 9 years old, in 
weak health and suffering from slight bronchitis; had been given a non* 
officinal acetate of morphia lozenge, which was supposed to contain 5 
uignus, (‘075 grain) of morphine acetate. She took the lozenge at 
8 in the evening ; soon slept, woke at 10, got out of bed, laughed, 
talked, and joked with the nurse, again got into bed, and very quickly 
fell asleep. At 4 a.m, the nurse came and found her breathing 
with a rattling sound, and the physician, who arrived an hour later, 
found the girl in a state of coma, with contracted pupils, breathing 
stcrtorously, and the pulse scarcely to be felt, Despite all attempts 
to rouse the patient, slic (lied at 8 in the morning, twelve hours after 
taking the lozenge, 

* Dciuontiiorccllet, Dr, V Uscu/e Quotidm\. dc V Opium, Paris, 1874. 

f Taylor, tip , tit. 

% Masolika’s Ilttwlb'itch, Bund ii. p. 438 ; also Sveuska, IMk&ilhk. Fbeha m/I . , 
Apr. 1, p. 90 ; Apr. 8, p. 100, 1873. For other cases sue Nasmyth, A \itn. AM, 
Juitrn. Dim. 1878; Kirby, DkK Mrd, Ih-eat, Dee. 24, 1845; \V. lioyil Mus diet, 
Med, Times and Oitz., March 20, 1858, 
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The post-mortem examination showed some.' hypercemia of the brain 
and serous effusion in the ventricles, and there was also tnbcrclo in the 
pleura. Three lozenges similar to the one taken by the patient were 
chemically investigated by Hamburg, who found that the amount of 
acetate was very small, and that the lozenges, instead of morphine 
acetate, might be considered as prepared with almost piro morphine V 
the content in lie three of morphine being respectively 35, 37, and 
42 lngrms. (tliat is, from half a grain to three-fifths of a grain). There 
was a difference of opinion among tlie experts as to whether in this case 
the child died from morphine poisoning or not — a difference solely to 
bo attributed to the waking up of the child two hours after taking t.ho 
poison. h T ow, considering the great probability that a huge (lose for 
a weakly child of that age had been taken, and tliat this is not t.ho 
only case in which a relapse has occurred, it seems just to infer that if 
was really a case of poisoning. 

As unusual symptoms (or rather sequel*) may he noted iu it tow 
cases, hemiplegia, which soon passes off ; a weakness of the lower 
extremities may also be left, and inability to empty the lihiddrr 
tho roughly ; but usually on recovery from a large dose of opium, there 
is simply heaviness of the head, a dry tongue, constipation, and Iosh of 
appetite, All these symptoms in healthy people vanish hi a day or two. 
There have also been noticed slight albuminuria, eruptions on the sldu, 
loss of taste, and numbness of parts of the body. 

Opium, whether taken in substance, or still more by subcutaneous 
injection, in some individuals constantly causes faintness. 

Some years ago the senior author injected onc*sixthof a grain of mor- 
phine hydrochlorate subcutaneously into an old gentleman, wliu was 
suffering from acute lumbago, but was otherwise healthy, and luul no 
heart disease which could be detected ; the malady was instantly relieved, 
and he called out, “ I am well ; it is most extraordinary.” lie went out 
of the frontdoor, and walked some fifty yards, and then was observed to 
reel about 1‘ke a drunken mail, He was supported back and laid in the 
horizontal posture; the face was livid, the pulse could scarcely l>c felt, 
and there was complete loss of consciousness. This state listed about 
an hour, and without a doubt the man nearly died. Medical men in 
practice, who have been in the habit of using hypodermic injections of 
morphine, have had experiences very similar to this and other casen, 
and it is evident that morphine, when injected hypodermically even iu 
a moderate dose, may kill by syncope, and within a few minutes. * 


p,t ’ f ® 01 'r llla powJBing ly hypodermie injeotion, and recovery, |,y 

Plulip E. Hdl M.R.C.S., Laiwrl, Sept. 30, 1882. In this instanco a third of a 
grcmi introduced subcutaneously caused most dangerous symptoms in ,1 gaulrum, 
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Absorption by hypodermic administration is so rapid that by the time, 
or even before the needle of the syringe is withdrawn, a contraction of 
the pupil may be observed. 

Opium or morphine is poisonous by -whatever channel it gains access 
to the system; the intestinal mucous membrane absorbs it readily, and 
uarcotic effects xnay be produced by external applications, whether a 
wound is present or not. A case of absorption of opium by a wound is 
related iu Chever’s Jurisprudence* A Burmese boy, about 9 or 10 years 
of age, was struck on the forehead by a brickbat, causing a gaping 
wound about an inch long ; his parents stuffed the wound with opium. 
On the third day after the accident, and the opium still remaining in the 
wound, he became semi-c.omatose, and, in short, had all the symptoms 
of opium narcosis ; with treatment he recovered. The unbroken skin 
also readily absorbs the drug. Tardieu states that he had seen 30 grins, 
of laudanum, applied on a poultice to the abdomen, produce death. 
Chris tison has also cited a case in which a soldier suffered from erysipelas, 
and died in a narcotic state, apparently produced from the too free 
-application of laudanum, to the inflamed part. 

To these cases may hr added the one cited by Taylor, in winch a 
druggist applied 30 grains of morphine to the surface of an ulcerated 
breast, and the woman died with all the symptoms of narcotic poisoning 
ten hours after the application — an event scarcely surprising. It is a 
curious question whether sufficient of the poison enters into the secre- 
tions — e.ij. the milk — to reader it poisonous, An iuquest was held 
iu Manchester, Nov. 1875, on the body of a male child 2 days old, 
iu which it seemed probable that death had occurred through the 
mother’s milk. She was a confirmed opium-eater, takiug a solid ounce 
per week. 

§ 360. ^Diagnosis of Opium Poisoning, — The diagnosis is at times 
between poisoning by opium or other narcotic substances; at others, 
between opium and disease. Insensibility from chloral, from alcohol, 
from belladonna or atropine, and from carbon monoxide gas, are all more 
or less like opium poisouiug. With regard to chloral, it may be that only 
chemical analysis and surrounding circumstances can clear up tire matter. 
Iu alcohol poisoning, the breath commonly smells very strongly of 
alcohol, and there is no difficulty in separating it from the contents of 
the stomach, etc., besides which the stomach is usually red and inflamed. 
Atropine and belladonna invariably dilate the pupil, and although just 
before death opium has the same effect, yet we must hold that mostly 
opium contracts, and that a widely-dilated pupil during life would, per se, 
lead us to suspect that opium had not been used, although, as before 
mentioned, too much stress must not be laid upon the state of the pupils. 

* Third ed., p. 228. 
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ill carbon monoside, the peculiar rosc-red condition of the body ullordt* a 
striking contrast to the pallor which, for the most part, accompanies 
opium poisoning, hi the rarecases in which convulsions arc a prominent 
symptom, it may be doubtful whether opium or strychnine has been taken ; 
but the convulsions hitherto noticed in opium poisoning seem to have 
been rather of au epileptiform character, and very different from the 
effects of strychnine. No rules can be laid down for cases wlucli clo not 
run a normal course ; hi medicine such are being constantly mot with, and 
require all the careand acumen of the trained observer. Oases of disease 
render a diagnosis often extremely difficult, and the more so in those hi* 
stances in which a dose of laudanum or other opiate has been adminis tercel . 
In a case under the observation of one of us, a woman, suffering from 
emphysema and bronchitis, sent to a chemist for a sleeping draught, 
which she took directly itnmved. A shoit time afterwards she Fell hi to 
a profound slumber, and died within six hours. The draught lmtl been 
contained in au ounce *and*a-half bottle ; the hottlc was empty, anil tins 
druggist stated iueviden.ee thatit only contained 20 minims of laudanum, 
10 grains of potassic bromide, and water. On, however, diluting the 
single drop remaining in tbc bottle, and imitating its colour with several 
samples of laudanum diluted in the same way, the cone his inn was conic to 
that the quantity of laudanum which the bottle originally contained wits 
far in excess of that which had been stated, and that it was over 
1 drachm and under 2 drachms. Hie body was pallid, the pupils 
strongly contracted, the vessels of the brain membranes were filled with 
fluid blood, and there was about an ounce of serous fluid in ouch 
ventricle. The lungs were excessively omphyseui atoms, and there was 
much secretion in the bronchi ; the liver was slightly cirrhotic. The 
blood, the liver, and the contents of the .stomach wore cxliauslivcly 
analysed w itli the grea test care, hut 110 trace of morphine, im routine, or 
meoonicaoid could be separated, although the woman did not live mure 
than six hours after taking the draught. It was, in the woman's statu, 
improper to prescribe a sedative of that kind, mid probably death had 
been 'accelerated, if not directly caused, by the opium. 

Deaths by apoplexy will only simulate opium*] wisoning during life; 
a post-mortem examination will at once reveal the true nature of tin: 
malady. Iu epilepsy, however, it is different, and mure than once ail 
epileptic fit has occurred and been followed by coma — a coma which 
certainly cannot be distinguished from that produced by a narcotic 
poison, Death in this stage may follow, and on examining the body no 
lesion may be found, 

§ 361 , Opium* eating, — The consumption of opium is a very ancient 
practice among Eastern nations, and the picture, drawn by novelist and 
traveller, of poor, dnechup, yellow mortals addicted to this vice, with 
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their faculties torpid, their skin hanging in wrinkles on their wasted 
bodies, tiie conjunctiva! tinged with bile, the bowels so inactive that 
there is scarcely an excretion in the course of a, week, the mental faculties 
verging on idiocy and imbecility, is only true of a percentage of those 
who are addicted to the habit. In the British Medical Journal for 
1894, Jan. 13 and 20, will be found a careful digest of the evidence 
collated from 100 In dian medical officers, from whichit appears that opium 
is taken habitually by a very large number of the population through' 
out India, those who are accustomed to the drug taking it in quantities of 
from 10 to 20 grains in the twenty-four hours ; so long as this amount 
is not exceeded they do not appear to suffer ill-health or any injurious 
effect. r fhc native wrestlers even use it whilst training. The habitual 
consumption of opium by individuals has a direct medico-legal bearing. 
Thus in India, among the Rajpoots, from time immemorial, infused 
opium has been the drink bothof reconciliation and of ordinary greeting, 
and it is no evidence of death by poison if even a considerable quantity 
of opium be found in tire stomach after death, for this circumstance 
taken alone would, unless the history of the case was further knowu, be 
considered insufficient proof. So, again, in all climates, and among all 
races, it is entirely unknown what quantity of an opiate should be ccsm 
sidered a poisonous dose for an opium-eater. Almost incredible quantities 
have, indeed, been consumed by such persons ; and the commonly -received 
explanation, that the drug, in these eases, passes out unabsorbed, 
can scarcely be correct, for Hermann mentions the case of a lady of 
Zurich who daily iuject-ed subcutaneously 1 to2 grms. (15-31 grains) of a 
morphine suit. In n caseof uterine cancer, recorded by Dr, W. C, Cass,* 
25 grains of morphine hi the twelve hours were frequently used sub- 
cutaneously ; during thirteen months the hypodermic syringe was used 
1350 times, the dose each time being 5 grains. It is not credible that 
au alkaloid introduced into the body hypodermically should not be 
absorbed. 

Opium -smoking is another form in which the drug is used, but it is 
an open question as to what poisonous alkaloids are in opium smoke. It 
is scarcely probable that morphine should be a constituent, for its sub- 
liming point is high, and it will rather be deposited in the cooler portion 
of the pipe. Opin m, specially prepared for smoking, is called " Chandoo ” ; 
it is dried at a temperature not exceeding 240°. H. MoissaD f has 
investigated the products of smoking chandoo, but only found a small 
quantity «£ morphine. F. Grrehant and E. Martin } have also experi- 
mented with opium smoke ; they found it to have no appreciable effect 
on a dog ; one of the writers stnoked twentypipes in succession, oontain- 

* Jau at, March 25, 1882, Seealso Dr, Boulton’s case, Lancet, March 18, 1882. 

+ Com ,pt. Man d,, cxv. 988-992, t Compt, Mewl, cxv. 1012-1014. 
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iu „ altogether 4 gnus, of chandoo. After the fourth pipe there was 
some headache, at the tenth pipe and onwards giddiness. Half an hour 
after the last pipe the giddiness and headache rapidly wont off. In anj 
case, opium-smoking seems to injure the health of Asiatics but little-, 
Mr. Vice-Consul King, of Kew-Kiang, in a tour through Upper Ymigtm- 
and Szechuan, was thrown much into the company of junk sailors and 
others, “almost every adult of whom smoked more or less.” He sny'H : 

<> Their work was of the hardest and rudest, rising at 4- and world tig 

with hardly any intermission till dark, having constantly to strip and 
plunge into the stream in all seasons, and this often in the most 
dangerous parts. The quantity of food they eat was simply prodigious, 
and from this and their work it seems fairly to be inferred that their 
constitution was robust. The two most addicted to the habit were tin- 
pilot and the ship’s 000 k. On the incessant watchfulness and steady 
nerve of the former the safety of the junk mid all on board depended ; 
while the second worked so hard from 3 a. m. to 10 and often 
longer, and seemed so independent of sleep or rest, that to catch Him 
seated or idle was sufficient cause for good-humoured bin ter, 'X’his 
latter had a couser ve of opium aud sugar which he chewed during the 
day, as he was ally able to smoke at night,” 

§ 362. Treatment of Opium or Morphine Poisoning. — The fir. si 
thing to be done is doubtless to empty the stomach by moms of f In- 
flexible stomach-tube; the end of a sufficiently long piece of hnliaruh her 
tubing is passed down into the pharynx and allowed to he carried into 
the stomach by means of the natural in voluntary movements of tin- 
muscles of the pharynx and gullet; suction is then applied to the- from 
end and the contents syphoned out ; the stomach is, by moans of a 
funnel attached to the tube, washed ont with warm water, aud tl »c-n 
some coffee administered in the same way. 

Should morphine have been taken, and permanganate of potash l»<t 
at hand, it has been shown that under such circumstances potass ie per 
manganate is a perfect antidote, decomposing at once any morph inn 
remaining in the stomach; but it, of course, will have no effect upon any 
morphine which has already been absorbed. In a case of opium potion 
ing, reported in the lancet of June 2, 1894, by W. J. C. Merry, M. It. , 
inhalations of oxygen, preceded by emptying the stomach and other 
means, appeared to save a mail, who, three hours before the treatmen t., 
had drunk 2 ozs. of chlorodyne, It is also the received trcatnnm i 
to ward off the fatal sleep by stimulation ; the patient is walked abai.it, 
flicked with a towel, made to smell strong ammonia, and so forth. This 
stimulation must, however, be an addition, but must never replace the 
measures first detailed, 

§ 363. Post-mortem Appearances.— There are no chnmcteristie 
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appear, mces iifOi.'V death save: hyper.'i'inia of llm brain :uul blood* vessels 
"I llie- un-ml manes, with generally Herrons eil'meum into ilu! ventricles. 
Tin- } >< 1 1 i-rl -> .-eve' sinaiiliuivs i',onl meted, Hiuiic:tiuic.s eliblti-el, the: dilatation 
een'umiii', a.-, 1 s 'foil: mcmtioiii.sl, in the: net of dying. The external 
sui'laeo ot I he l««ly is either livid or jmlc. Tlur lungs are: commonly 
hypi'ra'iinr, i ho bladder full of urine? ; still, in not a fe:w cases, 
there U not lung ah normal, ami in no singlet e'.tiso noulel a pathologist, 
f rom I In' appearance? of f ixe: organs only, ihrehirt? the: cause of elcslth 
with ••onliili'ui'i', 

,j ,'iti i . Separation of Morphine from Auimal Tissues and Fluids. — 
lornimrly a large proportion of the: opium and men'jiliine'. onsets sulailittcel 
to r lu'nih'a! o.\ ports leal to no results ; but owing t.ie the improved processes 
now adopto 1, failuve, though still e.eauinoii, is lews frequent. The e'.ejii * 
uiiurii!, i<i Djiium taken into the liloeid nnehirgei pirtial eloslruotitiu in 
ilu ,uiiii„»! in »ly, lent, a |«>rtiou may bet funnel in the? sor.rotioiis, more 
»-aj 3 3 y in t he nriin: and firecs. First. lSmioliavdat* and thou Lofort 1' 
an'i-rt lined the on 'retina of morphine: by the: urine; after medicinal 
1 Uagonelortf ami K;ui/.maiui showeel that 1.1 m appearance of 
mnrphim- m I. ho uriiie was I'ousteiiit., and that, if, could Ikt easily uscur* 

1 shied and si' p. i rat eel from t lie nrinu of nun and animals ; and 1 iUviustcin J 
ha-* ahn durwii (h it the olmiiiial.inu frnni a shiglir (lose: may extend over 
live ei»'e<i\ day's. The wietluul used by 1 tiligetiielni'll' til extract morphine 
fro Ur either urine or blond is to .shake) the liepiid (ae.ielilieal witli a 
miner, 'ii or id ) several (.hues wif.li aiuyl alcohol, which, mi removal, 
uep:u o'l'ie mui and any liih? acids. The liipiid thus piirilieril is ihen 
all: dried, ;unl shaken up with amyl nh'.oliol, mid this amyl alcohol 
uhouti eiriit mi any nieei'i iliixif dial, was present., Tlur ah;i>li«lio solution 
is riveted a*>li tailed on p, o I a. < TmiHuleiiihlu variety of results scums 
to I.- oiri.mi'-d Fy ilili'erenl experimenters, kaiidslierg in ji a; ted 
h v jneli im.r dfy tlii-.fi oi' to ‘l gnu, of miu'phinn hyelreie.hloi'aUi into 
•i",'r. o. eim ■ four e- ‘.peri loi'iit , in all, lint, failed to dertue'.t nieii'j iliiiic ill 
lie- mne . \ laroe do e with 'J'i mgvmi of tlur salt, gave the same; 

i. oil. < »n lio- otiuT li.oel, S grin, of i in n'j el lim • liydruel derate injected 
rhieet a, io )h>' jugular vein, was j cixt.lv I'vcreU'il by the: kidneys, feu' 
'.•tie e <rj ii,, iinue yielded a ..mull ijiiaiilify of morphine:. Veeit, ugtiin, 
evuiiim 1 the mine alii i'a'i-i-e ((f a 111:111 who had taken nnu'plliiu'. fer 
mu'« , he T'o.'ih 1 deleft, iinue m ibe- urine, hut wpurutetel liieu'phiue: from 
tin' fieeei! Morphine may oi'easmnully hr: recognised in flu: blood. 

* it. • tfr. .-..***■ ‘/‘/V/Vf/i, , J by*. 1H*U. 

1 ./»» >1 *'b ; <«. , - T<.‘r, 

; /fVm". I /» .i. in T*i, vr7. 

t i*ch*Tx r xxm. UK l''Vh / ‘/r* 7/h rS‘“<. May IKftii, 

Ar*K {-]. vu, V£J 
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Dmgendorff* found it in the blood of a eat tivcnty-five minutes after ti 
subcutaneous dose, and he also separated it from the blood of a nwii 
who died of morphine poisoning in six hours. « aid leu f recognised 
morphine iu the blood of a suicide who had taken opium extract. 

On the other haud, in a case where a woman died in six hours from 
a moderate dose, probably of laudamnn, although the quantify of bloo* 1 
operated upon was over a pound in weight, and every care was taken, 
the results were entirely negative. In poisoning by laudanum them 
may he some ranaiuiug in the stomach, and also if large downs of 
morphine have been taken by the mouth; but when morphine has 
been administered hypodermically, and in all eases iu which several 
hours have elapsed, one may almost say tliat the organ in which there 
is the least probability of finding the poison is the stomach. It i«n*-,y< 
in some coses, lie necessary to operate on a very large scale;-— t-‘> 
examine the faeces, mince up the whole liver, the kidney, spleen, and 
lungs, and treat them with acid alcohol. The tinner will also have to bn 
examined, and as much blood as -can be obtained. In cases where nil 
the evidence points to a minute quantity (under a grant) of morph ini 7 , 
it is decidedly best to add these various extracts together, to distil all' 
the alcohol at a very gentle heat, to dry the residue in a vacuum, 
to dissolve again in absolute alcohol, filter, evaporate again to drynuKs, 
dissolve iu water, and then use the following process: — 

§ 365. Extraction of Morphine, — To specially switch for morphine: fit 
such a fluid as the urine, it is, accoiding' to the authors’ experience, best 
to proceed strictly as follows: — The urine is precipitated with acetate < if 
lead, the powdered lead salt being added to the warm urine contain «1 iu 
a beaka- on the water-bath, until a further addition no longer produces 
a precipitate; the urine is then filtered, the load precipitate washed, suxl 
the excess of lead thrown down bySH 2 ; the lead having boon filtered 
off, and the precipitate washed, the urine is concentrated down to a syrup 
hi a vacuum. The syrup is now placed in a separating tube (if not acrid, 
it is acidified with hydrochloric acid), and shaken up successively with 
petroleum ether, chloroform, ether, and, lastly, with uinylic alcohol (t:,l to 
latter should be warm) ; finally, the small amount of a my lie alcohol 1 off- 
dissolved iu the liquid is got rid of by shaking it up with j >ctr oleum 
ether, To get rid of the last traces of petroleum ether, it may be neces- 
sary to turn the liquid into an evaporating dish, and gently heat for n 
little time over the water-bath. The acid liquid is now again trims fen -i-rl 
to the separating tube, and shaken up with ether, after being uia.de 

* Kauanaim, Bcitriiycfur den gerichtlidi-chemischcn Nackwcis <ks Mwplom it, 
^ircohns, Dissert., Dorpat, 1868. Dragendorff, Phann.. Zdtschr, f, Uusslaiul, 1868, 

t tPilrtbcj, Correspoadaiizbl., xxxiv, 16 , 1896 . 
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alkaline with ammonia ; this will remove nearly all alkaloids savejmor- 
jxhine,— under the circumstances, a very small quantity of morphine may 
indeed be taken up by the ether, but not the main bulk. After separat- 
ing the ether, the liquid is again made slightly acid, so as to be able to 
precipitate morphine in the presence of the solvent ; the tube is warmed 
on the water-bath, at least its own bulk of hot amylic alcohol added and 
the liquid made alkaline, and the whole well shaken. The amylic 
nlcohol is removed in the usual way, and shaken with a small quantity 
of decinormal sulphuric acid ; this washes out the alkaloid from the 
a,myl alcohol, and the same amyl alcohol can he used again and again. 
It is best to extract the liquid for morphine at least thrice, and to 
operate with both the solution and the amyl hot. The decinormal acid 
liquid is made slightly alkaline with ammonia, and allowed to stand for 
a-t least twelve hours ; any precipitate is collected and washed with 
other, and tkeu with water; the alkaline liquid from which the mor- 
phine has been separated is concentrated to the bulk of 5 c.c. on the 
w trier-bath, aud again allowed to stand for twelve hours ; a little more 
morphine may often in this way be obtained. 

The authors in some test experiments, in which weighed small 
quantities of morphine (60-80 rugrnia,) were dissolved iu a little deci- 
normal sulphuric acid, and added to large quantities of urine, found the 
pi'ocess given to yield from 80 to 85 per cent, of the alkaloid added, and 
it was always recovered in tine crystals of a slight brown tint, which 
responded well to tests. 

Various other methods were tried, but the best was the one given ; 
tlie method not only separates the alkaloid with but little loss, but also 
in a sufficiently pure state to admit of identification, 

From the tissues the alkaloid may be dissolved out by the general 
method giveu at p. 51, and the ultimate aqueous solution, reduced to 
a. bulk of not more than 35 c.c., treated by the ethereal solvents in the 
wa,y just described, 

§ 366, Narcotine (Cj 2 H, w N 0 7 ) crystallises out of alcohol or ether in 
odourless, transparent, glittering needles, or gronjis of needles, belong- 
ing to the orthorhombic system. 

It is only slightly soluble in boiling, and almost insolnble in cold 
water. One part requires 100 parts of cold, and 20 of boiliug 84 per 
oent. alcohol; 126 parts of cold, 48 of boiling ether (specific gravity 
O ' 7 35) ; 2'69 parts of chloroform ; 400 of olive oil ; 60 of acetic ether ; 
300 of amyl alcohol ; and 22 parts of benzene, for solution. The neutral 
solution of uarcotiue turns the plane of polarisation to the left \a\r = 
1 306° ; the acid solution to the right. Nareotine has no effect on red 
li fcnrus-paper. 

Narcotine gives no crystalline sublimate ; its behaviour in the snbliim 
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ing cell is described at p. 261. Its melting-point, taken in a tube, is 
about 176°. 

Behaviour of Narcotine with Reagents. — N nicotine, dissolved in 
dilute hydrochloric acid, and then treated with a little bromine, gives a 
yellow precipitate, which on boiling is dissolved ; by gradually adding 
solution of bromine aud boiling, a fine rose colour is produced, readily 
destroyed by excess of bromine. This is perhaps the best test for the 
presence of narcotine. Concentrated sulphuric acid dissolves narcotine j 
the solution in the cold is at first colourless, after a few minutes yellow, 
and in the course of a day or longer the tints gradually deepen. If the 
solutiou is warmed, it lirst becomes orangc*red, then at the margin 
violet-blue ; and if heated until hydvic sulphate begins to volatilise, the 
colour is an intense red- violet. If the heating is not earned so far, but 
the solution allowed to cool, a delicate cherry-red hue slowly develops. 
If the sulphuric acid solutiou contains 1 : 2000 of the alkaloid, this 
test is very evident ; with 1 : 40,000, the colour is only a faint carmine. 
— 4 , Husemann, 

A solutiou of narcotine in pure sulphuric, acid, to which a drop of 
nitric acid has been added, becomes of a red colour ; if the solution is 
warmed to 150°, hypochlorite of soda develops a carmine-rod ; and 
chloride of iron, first a violet, then a clieny-rcd. The procipitauts 
of narcotine are — phosphoniolybdic acid, picric acid, sulplmcyanide of 
potash, potassio cadmic iodide, mercuric chloride, platinic chloride, auric 
chloride, and several other reagents, 

Constitution of Narcotine, — Narcotine contains three methoxyl 
groups, and also an N-<JH 3 group, for when heated with alkalies 
to 220° it yields mcthylaiiiinc, dimethylaminc, and tvimethylamiue. 
Heated with water or H.jSO, at 14,0° it yields C 10 l-J 10 O,, opianic and 
and C l2 H 1!l N0 3 hydrocotarnine, Hydrocotarnine is the reduction pro- 
duct of cotamine aud is a derivative of methyl tctraliydroisoyuiuoline, 

Cl-1.. 

Oil ./), /V'N OH; 

GH 3 0 N-CH,, 

Oil., 

Hydrocotarnine, 

Opianic acid when oxidised forms hemipiuic acid ; and, when reduced, 
meconiae ; aud may be represented as 


CHO 

/N -COOH 

-OCH, 

OCH 3 

Opianic Acid. 


OH 

HO— — O 

/N -co 

\^/ — OGH a 
OCH; 


or in its tautomeric form as 
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Narcotine is a tertiary base and contains no carboxyl or aldehyde 
group, so that its formula is probably 

CH, 

(JH.jO.. /N^N CH., 

GHjO N - OH,. 

CH 

L'H 0 

A _ CO 

\y 

1 

OCH., 

Na/rolitic. 

§ 367. Effects. — Narcotine in itself lias toxic action only in rather 
large doses ; fiom 1 to 2 grnis. have been given to man, and slight 
hypnotic effects have followed. It is poisonous in very large doses ; 
an ordinary-sized cat is killed by 3 grms. The symptoms axe mainly 
convulsions. 

§ 368. Codeine (Codomethylene), C 1T H 1T 0CH s (01i)N0 + H 2 0, is the 
mono methyl ester of morphine; it is an alkaloid contained in opium 
in small quantity only. Mulder, indeed, quotes '66 to '77 per cent, as 
present in Smyrna opium, but Merck and S’cliindler give '25 per cent. 
Schindler found in Constantinople, '5 per cent. ; and Merck, in Bengal, 
•5 pier cent. also. 

Codeine crystallises out of dry ether in small, colourless, anhydrous 
crystals ; lnit crystallised slowly from an aqueous solution, the crystals 
are either in well-defined oetahedra, or in prisms, containing 011 c atom of 
water, and melting in boiling water to an oily fluid. The anhydrous 
crystals have a melting-point of 155", and solidify again oil cooling. Its 
watery solution is alkaline to litmus-papier. 

It requires 80 piarts of cold, 17 of bailing water, 70 of carbon tetra- 
chloride, 10 parts of benzole, and 7 piarts of amyl alcohol rcspieotively, 
for solution. Alcohol, benzene, ether, carbon disulpiliidc, and chloroform 
freely dissolve it, lmt hi putruleum ether it is almost insoluble. Further, 
it is also soluble in aqueous ammonia and ill dilute acids, but insoluble 
in excess of caustic piotash or soda, and may thus he thrown out of an 
aqueous solution. A solution of codeine turns the pilanc of polarisation 
to the left, [«]»'= II8 - 2°, 

Concentrated, snljdmric acid dissolves codeine without colour, but after 
eight days the solution becomes bine ; this reaction is quicker if the acid 
contains a trace of nitric add, If the snlpiliuric acid solution he wanned 
to 150°, and a dvopi of nitric acid be added after cooling, a blood-red 
colour is produced. Friilide’s reagent produces a dirty green colour, 
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soon becoming Prussian bine, and terminating nfl-or twmty.fmir to"** 

111 a cCio7ei°gas, led into at) alcoholic solution of codeine, gives Hr.sl ■< 
. e iiow ami then a horn colour; lastly, a crystalline precipitate IniK 
On warming with a little sulphuric acid and ferric. rlJondc, u Uuurolmir 
is produced. This blue colour is apparently common in all others . <t I im 


codeine class. 

Of the group reagents, the following precipitate solutions of cruW'iiin ; 
—Mercuric potassium iodide, mercuric chloride, umrcuiic bromide, i>i«‘i‘ir 
acid, and tannin solutions. The following <lo not preeipHaf « ; M tfcui' i<- 
cyanide and potassium ferrocyanide solutions. 1 ’otaasituu dialumn.if >• 
gives no immediate precipitate, but crystals form on long .standing. !< 
does not give the reaction with iodic acid like morphine ; it is <li* 
tinguished from narceine hy dropping a Small particle of iodiuo in to t hr 
aqueous solution — the iodine particle docs not bermno surrounded with 
fine crystals. 

§ 369. Effects. — The physiological action of calcine on animals him 
been investigated by Claude Bernard. Magcndie, Crinu Brawn iui* 1 
Fraser, Falck, and a large number of others. * It 1ms also been ;id 
ministered to man, and has taken iu sonic degree the placer of luorphinr. 
Claude Bernard showed that, when given to dogs in sullied nt. quantify 
to produce sleep, the sleep was difici-out. in some respects to that, of 
morphine sleep, especially in its after-effects. Thus, iu his usual gr.uj dm • 
way, he describes the following experiment: — “Two young flogs, in- 
cus tomed to play together, and both a little beyond tlnr uvernge nizr, 
received in the cellular tissue of thcaxillpe, by the aid of a submit .nu-mm 
syringe, the one 5 centigrammes of morphine liydrunliluridir, tin- <»t lu-r 
« centigrammes of codeine hydrochloride. At tdio end of a quarter of 
an hour both dogs showed signs of narcosis. They worn placed an tl it-ir 
backs in the experimental trough, and slept tranquilly for three nr four 
hours, When the animals woke, they represented a striking coutruhl, 
The moi'phiue dog ran with a hycna-like gait (ilruuurkn b/rnnid >, tin- 
eyes wild, recognising no one, not even his codeine cm mucin, who vainly 
bit him playfully, and jumped sportively on his bank, It was nut until 
tlie next day that the morphine dog regained his spirits luul usual 
humour. A couple of days after, the two dogs beiug in good health, I 

repeated the same experiment, but hi a reverse order flint is to say* I 

gave the codeine to that which previously bad the morphine, mid ,v>,- 
r&sd, Both dogs slept about as long as the iimt thm- ; but on waking 
the attitudes were completely reversed, juntas the administration „1' tin- 
t wo substances had been. The dog which, two days hi; fore, aOt.-r havh t g 
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been codeinised, woke lively and gay, was now bewildered and half 
paralysed at t.ke end of Ids morphine sleep ; whilst the other was wide 
awake and in the best spirits.” 

Subsequent experimenters found what Bernard does not meution — 
viz., that codeine produced epileptiform convnlsions. Falck made some 
very careful experiments on pigeons, frogs, and rabbits. To all these 
in high' enough doses it was fatal. Thick puts the minimum lethal dose 
for a rabbit at 5 Id mgrms. per kilo. Given to man, it produces a sleep 
very similar to that described by Claude Bernard — that is, a sleep which 
is very natural, and does not leave any aftereffect. Therefore it is 
declared to be the best alkaloid of a narcotic nature to give whan 
lengthened slumber is desired, more especially since it does not con- 
fine the bowels, nor has it been found to produce any eruption on the 
skin. Before it has a full narcotic effect^ vomiting has often been 
excited, and in a few cases purging. The maximum dose for an adult 
is about '1 gnu. (1-5 grain); three times this quantity, '3 grins. 
(4-5 grains), would probably produce unpleasant, if not dangerous, 
symptoms.* 

§ 370. Narceine, C^H^NOe+SI-^O. — Two of the three molecules of water are 
expelled -at 100°; the other moluaile requires a higher temperature, Anhydrous 
narcoine is hygroscopic, aud nulla in a tube at about 140°; when exposed to air it 
unites with one molecule of water, and thou melts at abont. 170°. 

The constitution of narceine, according to Frcuud anrl Kraukforter, 1 may be 
represented tlius •. — 

CH.j 

c li.jO.r /V'N ce 2 

C1I,0 l N(CH.,). ; 

6h v 

CO 



COOH 

-OC11, 


OCHj 


It therefore contains tiiroc motihoxyl groups. 

Narceine forms good crystals, the form being that of long, four.sided rhomluc 
prisms or tine bushy ouited needles. 

Narcoiuc 1yd inch loride crystallises with 5JH 2 0 and with 3H 2 0 ; the anhydrous 
suit melts at 190°-192°. The platinoclxloride is a definite salt, m. p. 190°-191°; it 
decomposes at 19fV°-190°. The nitrite forms good crystals, which decompose at 97°. 


* For Fur tli a* details as to the action of codeine, the reader is inferred to L. O. 
Woolfs monograph, TXts Ooddn ( 1868 X which contains reference to the earlier 
literature. See also Hurley, The Old Vegetable Neurotics , louden. 

t M . Freund atd G. 13 . Frank f» iter, cclxxvii. pp 20 - 58 . 
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N am »ine also forms crystalline salts with potassium and sodium; tlieso may he. 
S belting L l-» at 60“-70“ with a 33 per cent of NaHO or 


The potassium compound melts at 90“, the sodium at 159°-160°. The alkaloid is 
regenerated when the alkali salts are treated with acids or with CO.,. Crude narceine 
rnly be purified by means of the sodium .salt; the latter is dissolved 111 alcohol and 

precipitated with ether. , ,, , , 

It is soluble in alcohol, but almost insoluble 111 alcohol and other, or lieuasuo and 
ether as well as in carbon tetrachloride ; it is slightly soluble in ether, carbon 
disulphide and chloroform. It has no reaction on moist litmus-paper. 

Benzole and petroleum ether extract narceine neither from acid nor alkaline 
solutions ; chloroform extracts narceine both from acid and from alkaline solutions, 
the latter 'in small proportion ouly. Narceine turns tlio plane of polarisation to tlic 
left aW"66-7°. Narceine may he separated from nareotiuc by the addition of 
ammonia to the acid aqueous solution ; nareotiuc is fully precipitated by ammonia, 
hut narceine is left in solution. 

I 11 the subliming cell it melts at 134“, but gives no crystalline sublimate. The 
tube melting-point of the trihydrate is 170“. The incited snlistancc is nt first colour- 
less ; hut 011 raising the temperature, the usual transitions of colour through different 
shades of brown to black are observed. If melted, and kept a few degrees above its 
melting-point, and then cooled slowly, the residue is straw-coloured, divided into 
lobes, most of which contain feathery crystals. 

At high temperatures narceine develops a lierring.like odour ; tins residue 
becomes darkish blue with iron chloride. Concentrated nitric, acid dissolves it with 
a yellow colour ; on heating, red vapours arc produced ; the fluid contains crystals of 
oxalic acid, and derelops with potash a volatile base. Concentrated sulphuric acid 
colours pure narceine brown ; but if impure, a blood-rod or blue colour may be pro- 
duced. It does not reduce iron salts, 

Friihde’s reagent colours it first brown .green, then rad, passing into Mint 
Narceine forms precipitates with bichromate of potash, chloride of gold, bichloride of 
platiuum, and several other reagents, The 011 c limned by the addition of potassio 
zine iodide is in liair-like crystals, which after twenty-four hours become blue, 

Weak iodine solution colours narceine crystals a black-blue ; (.liny dissolve in 
water at 100° without colour, but ou cooling again separate with a violet or blue 
colour. If 011 a saturated solution of luirceine a particle of iodine is strewn, iiuir 
needle-like grey crystals form around the iodine.. A drop of " Ncssler ” solution, 
added to solid narceine, at once strikes a brown colour ; ou diluting file drop with a 
little water, beautiful little bundles of crystals appear. — Rlik:ki</er. 

The following group reagents precipitate narceine : — picric acid, tannin solution, 
and potassium dicliroiuate on long standing, Tlic following give no precipitate. -. — 
mercuric cyanide, mercuric potass, iodide, mercuric chloride, mercuric bromide, ami 
potass, ferrocyauide solutions, 

§371, Effects, — The physiological action of narceine has been variously inter- 
preted by different observers. Claude Bernard* thought it tlm most somniferous 
of the opium alkaloids. He said that “ the narceine sleep was characterised 
by a profound calm and absenee of the excitability of morphine, the animals 
narcotised by narceine, on awaking returning to their natural state without 
enfeeblemeut of the hind limbs or other sequelae,” It lias been amply confirmed 
that narceine possesses somniferous projierties, but certainly not to the extent that 
Bernard’s observations led physiologists to expect. In large doses there is sonic 
irritation of the stomach and intestines, and vomiting occurs, and even diarrhu-a ; 
moderate doses induce constipation, The maximum medicinal dose may lie put 


Oompt. Rcvd., lix, p, 406, 1864, 
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at 14 gnu. (or 2'26 grains), and a juobably dauga'oiis dose would be three times 
that quantity. * 

§ 372. Papaverine (C., 0 H. )1 N'O 4 ) crystallises from alcohol in white needles or scales. 
It possesses scarcely any alkaline reaction, but its salts have an acid reaction ; it has 
but little effect on a ray of polarised light. It is almost insoluble in water; it is 
easily solnble in acetone, amyl alcohol, alcohol, and chloroform. One part of the 
alkaloid is dissolved in 36‘6 of beusscuc, in 76 parts of amyl alcohol, and in 490 parts 
of carbon tetrachloride, Petroleum ether dissolves it by the aid of heat, but the 
alkaloid separates in crystals on cooling, Chloroform extracts it from either acid or 
alkaliue solutions, Papaverine gives no crystalline sublimate, The melting-point 
of pure samples in a tube is 147°, with scarcely any colour; it solidifies again to 
crystals 011 cooling; in the subliming cell it melts at 130°, and decomposes about 
149° ; the vapours am alkaliue ; the residue is amorphous, light brown, and is not 
characteristic. Concentrated sulphuric acid colours it a deep violet'bluc, and 
dissolves it to a violet, slowly fading. This solution, by permanganate of potash, is 
fust green and then grey, Some samples of commercial papaverine consist of 
<//■ papaverine, which dissolves in concentrated H. 2 S0 4 to a colourless solution, t Prolide’s 
reagent gives a beautiful violet colour, which becomes blue, and vanishes after 
twenty-four hours. Diluted solutions of salts of papaverine are not precipitated by 
pliospliomiolybdic acid. It is precipitated by ammonia, by the caustic and carbonated 
alkalies, by potassic-eadmic iodide, iodine in hydriodic acid, and by alkaloidal 
reagents generally — save by the important exception mentioned above. A solution 
in amyl alcohol is also precipitated by bromine ; the precipitate is crystalline. A 11 
alcoholic solution of iilatinie chloride also separates papaveriue platiu chloride in 
crystals, An alcoholic solution of iodine, added to an alcoholic solution of papa- 
verine, separates in a little time crystals of the comjwsition CajH^NOjI.!. From the 
motlier-lkpior, by concentration, can be obtained needles of another iodiuc combina- 
tion, C.j„H 51 N0 4 I 6 ; the latter heated above 100° parts with free iodine. These coni' 
pounds with iodine are decomposed by ammonia and pjotash, jiapaveriuo separating. 
The decomposition may be watched nuder the microscope. Nitric acid precipitates 
from a solution of the snlphate a white nitrate soluble in excess ; the precipitate does 
not appear at ouee, but forms in the course of an hour ; it is at first ainoi'iihous, but 
subsequently crystalline; this, with its physical jiroperties, is a great assistance to 
identification. Fai>avcriuc is a derivative of isoquinoliuc ; it contains four lliethoxyl 
groups. Goldschmiedt ascribes to it the following formula : — 

CH ;1 0 

ctr a o N 

1 

Oil, 

I 

A. 

U 0011;, 

1 

OCll.i 

§ 373. Effects, — Claude Denial'll ranked papaverine with thcconvnlsants ; probably 
the paiuveriuo ho had wow impure. In any case, suliscqucnt observations have shown 

* Sec .T, llouclianlat, La NaroHne, These, Paris, 1865 ; llarlcy, The Old 
Vegetable Neumtics , Loud. ; Cli. Lilli, litudes sur la NarcMnc ct eon Emploi 
Therapeutiquc, These, Paris, 1865 ; also, Hnsciuanu’s PJlanzcnst<>lfc, in which these 
and other researches aro .summarised, 

f Oswald Hesse, J. )rr, Chem., 1903 (ii. ). 
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that it is to be classed rather with the hypnotic principles of opium. Leidesdorf* 
administered it to the insane, and noted slowness of the pulse, muscular weakness, 
and drowsiness to follow. The doses were given subcutaneously ('42 grm. of the 
hydrochloride), Baxt,f experimenting with the frog, found that a milligramme 
caused deep sleep and slowing of the heart’s action. This action on the heart is 
witnessed also ou the recently-removed frog’s heart. Guinea-pigs, and other small 
animals poisoned by strychnine or thebaine, and then given papaverine, did not 
seem to be so soon affected with tetanus as when no such remedy was administered. 
In Bradbury’s experiments (Croonian Lectures, Lancet, July 1899) papaverine proved 
to be a powerful depressant. In rats 0‘3 gim. per kilo, produoed muscular weakness, 
slowing of the respiration and pulse, distinct narcosis, but no tetanus. 0‘2 gim. 
per kilo, hills guinea-pigs by paralysis of the respiration in ten minutes. The fatal 
dose of papaverine for a man is unknown. The least quantity likely to cause 
dangerous symptoms would he 1 grm. (15 ‘4 grains). 

§ 374. Thebaine, C l7 H 1! ,NO(OCH 1 ) 4 . — Opium seldom contains much more than 1 
percent, of this alkaloid. It usually forms needles or short crystals. It is alkaline, 
and by rubbing becomes negatively electric. It is almost insoluble in water, aqueous 
ammonia, and solutions of the alkalies. It requires 10 parts of cold alcohol for 
solution, and dissolves readily in hot. Ether, hot or cold, is also a good solvent. 
100 parts of benzene are required for 5‘27 parts of thebaine, and 100 of amyl alcohol 
for 1 "67 parts. Chloroform dissolves thebaine with difficulty out of both acid and 
alkaline solutions ; petroleum ether extracts it from neither. Thebaino melts in a 
tube at 193°, sublimes at 135°. The sublimate is in minute crystals, similar to 
theine; at higher temperatures (160° to 200°) needles, cubes, and prisms are obtained. 
The residue is fawn 'coloured. Frohde's reagent (as well as concentrated sulphuric 
acid) dissolves it, with the production of a bloodied colour, passing gradually into 
yellow, The precipitate with picric acid is yellow and amorphous; with tannic 
acid, yellow; with gold chloride, redyellow ; and with platiuic chloride, citron' 
yellow, gradually becoming crystalline, A concentrated alcoholic solution of 
thebaine, just neutralised with HC1, deposits well'fornied rhombic crystals of the 
composition C 19 H 2l N'0 ;l HCl + H 3 0. Thebaine is lrcvorotatory, It is a tertiaryba.se 
containing no hydroxyl groups, It contains two metlioxyl groups, and is nearly 
related to morphine and codeine, 

If 200 mgrms. of thebaine are heated to tailing with 1’4 c.c. of HC1 and 2 '8 c.c. of 
water', aud the solution diluted, after Iroiliug, with 4 c.c, of water, crystals of thebaine 
hydrochloride form in the yellow fluid in the course of a few hours. — Fliickiges', 

§ 375, Effects. — There is no disagreement of opinion as to the action of thebaine. 
By the united testimony of all who have experimented with it, the alkaloid belongs 
to those poisons which produce tetanus, aud the symptoms can scarcely be differ 1 ' 
eutiated from strychnine. In Baxt’s experiments on frogs he showed that there was 
some considerable difference in details in the general course of the symptoms, accord* 
ing to the dose of the poison. A small dose (snclr, for example, as ‘75 mgrm.) 
injected into a frog subcutaneously produces immediate excitement, the animal 
jumping about, and this stage lasting for about a minute; it then becomes quieter, 
and has from three to six minutes’ sleep ; in a little, time this comatose state is 
followed by reflex tetanic spasms and then spontaneous tetanic spasms, With three 
times the dose, the tetanic convulsions commence early, aud death takes place in 
from two to six hours. Baxt + found 6 to 7 mgrms. kill rabbits with tetanic eonvnl* 


* Ztschr . d. Wien , Acrzte, pp. 43, 115, 1868. 
t Arch, Anat, Fhgs,, p. 70, 1869, 

$ SUznngsber. d. Wien. Ahulcm., lvi. pp. 2, 89, 1867 ; Arch. f. Anat. u. 
Physiol,, Hft, 1, p. 112, 1869, 
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sious iu from fifteen to twenty-five minutes. Crum Brown and Fraser also found 
that 12 ingrms. injected into rabbits were fatal j it may then be presumed that the 
lethal dose for a rabbit is about 5 nigruos. per ldlo. A frog’s heart luider the action of 
thebaine, aud removed from the body, beats quicker and ceases earlier than one in 
distilled water. Tliebaiue lias been administered to the insane subcutaneously in 
doses of from 12 to 40 mgrins. , wheu a rise of temperature and an increase in the 
respiratory movements and iu the circulation were noticed.* * * § 

The fatal dose for a man is uot known ; '5 grin., or about 8 grains, would prob- 
ably be a poisonous quantity. 

§ 376. Cryptopine (C^H^NO,) was discovered by T. & II. Smith in 1867. f It 
is contained iu very minute traces only in opium — something like '003 per cent. It 
is a crystalliue substance, the crystals being colourless, six-sided prisms, without 
odour, but with a bitter taste, causing ail after-sensation like peppermint. The crystals 
melt at 213°, and congeal in a crystalline form again at 171° ; at high temperatures 
they are decomposed with evolntiou of anuuonincal vapour. Cryptopine is insoluble, 
or almost so, iu ether, water, aud oil of turpentine •, it is soluble in aectouc, benzene, 
and chloroform ; the latter is the best solvent, or hot alcohol ; it is insoluble in 
aqueous ammonia and in solutions of the eaustie alkaloids. Cryptopine is strongly 
basic, neutralising fully mineral acids, It is optically inactive and contains two 
methoxyl groups. Concentrated sulphuric acid colours cryptopine pure blue, the tint 
gradually fading from absorption of water from the atmosphere. On a crystal of 
potassie nitrate being added, the colour changes into a permanent greeu. With 
ferric chloride cryptopine gives 110 colour' — thus distinguishing it from morphine. 
The physiological properties of cryptopine have been investigated by Dr. Harley ; J 
it lias a narcotic action, about double as strong as naveeiue, and four times weaker 
thau morphine. Munk and Sippell § found that it gave rise in animals to paralysis 
of the limbs, and occasionally aspliyxic convulsions before death. 

§ 377, Paeudomorphine (C n H lu NO : ,),j. — Pscndomorphinc was discovered by 
Pelletier and Thibonmery in 1835, It is non-poksonous, and may he formed by the 
condensation of two molecules of morphine and the loss of two atoms of hydrogen. 
As precipitated lly ammonia out of the liot solution, jiseudomorphiuc fulls as a white, 
crystalline precipitate ; but if the solution is cold, the precipitate is gelatinous, It 
possesses uo taste, aud has 110 actiou on vegetable colours, On heating, it decom- 
poses and then melts. It dissolves easily in eaustie alkalies aud in milk of lliuo, hut 
is insoluble in all the ordinary alcoholic and ethereal solvents, as well as in diluted 
sulphuric acid. The most soluble salt is the liydroelilomte, and that requires 70 
parts of water at 20° for solution. Various salts, such as the suljihate, oxalate, etc., 
may be prepared from the uydrochlovato by double decomposition. Concentrated 
sulphuric acid dissolves psendouiorpliinc gradually, with the production of an olive- 
-green colour, 

§ 378. Apomorpkine (C l7 H 17 '.NO.;). — Apomavphiue is a derivative of morphine, 
and is readily prepared by saponifying morphine by heating it with dilute hydro- 
chloric ncidiu sealed tubes. The result is apomorpliine hydrochloride, the morphine 
losingoue molecule of water, according to tlio equation C IJ H J!) NO.|=C| 7 lI w NO. i + II.jO. 

To extract apomorpliine, the bases arc precipitated by sodic bicarbonate, aud the 
precipitate extracted by other or chloroform, either of which solvents loaves morphine 
undissolved. The apomorpliine is again converted inUr hydrochloride, and once 


* F. W. Miillcr, Vos Tkcbainr, cine Mmivgrayhie, Hiss., Marburg, 1868. 

t Pharm. Jimrn. Trans'. [2], viii, pp 495 and 716. 

+ The Old Vegetable, Neurotics. 

§ Muuk, Versucho alter die Wirlcun;/ des Oryplo/rim, Berlin, 1873. Sippell, 
Bcitriige zur Kcntniss dcs Gnjptopins, Marking, 1874. 
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more precipitated by sodic bicarbonate, and is lastly obtained as A sm-vv-wbiic sul.. 
stance rapidly becoming green on exposure to the air. The mass dissolves will. 11 
beautiful green colour in water, and also in alcohol, whilst it colours etlier purple* 

red, and chloroform violet, 

A test for apo morphine is the following: — Tlic chloride is dissolvm i if a liH«- 
acetic acid and shaken with a crystal of potassic iodatc (KIO.,) ; this immediately 
tnms red from liberated iodiue on shaking it up with a little chloroform ; on stand- 
ing, the chloroform sinks to the bottom, and is coloured by tlio alkaloid a biuutibd 
bine colour ; on now carefully pouring a little OS a on the surface of tin- liquid uf Ike 
point of junction it is coloured amethyst owing to dissolved iodine, and 0 pmidciuc 
gives a similar reaction. 

Aponiorphiue is the purest and most active emetic known; wlu-liu-r iujwli-d 
beneath the skin or taken by the month, the effect is the same— liiorc is considerable 
depression, faintness, and then vomiting. Tlio dose for tut adult is about (S in grins. 
(•092 grain) subcutaneously administered. 

§ 379. Laudanine, C, 7 H 13 N(OH)(OCH : .) 3 , crystallises from alrsuiiol or ctili-rnforio 
in colourless prisms soluble in heuzol, chloroform, and alkalies, not very soluble in 
alcohol and ether. Melts at 106°. It is a strong tetanic poison. La<ul<mi<Unr is 
probably the l»vo modification of laudanine ; it melts at 177'". I,awloU"d«t', 
Ci-HrjNfOCHjh, another tetanic poison, has been shown to ho de.v i roar toot by b 
tetrahydroi>apaveriue ; its inactive form, which runy he sopo ruled info aid ive he.vo- 
and dexti-O'forms, appears to be the niouometliyl ester of luiidaiiinc. 11, crystallises in 
needles, melting at 89°, and is soluble in alcohol, ether, and chloroform, lap not in 
water or alkali. 

§380. Tritoplne (CuH-^NO.)}. — This is a rare alkaloid that iiusliieeii found in 
small quantities in opium. It is crystalline, separating iu l.rauspanoif jaivnis, 
Meltiug'poiut 182°. It is soluble iu alcohol and cldoiof„riu, mid slightly soluble in 
ether. * 

§ 381. Meconine (Opianyl) (C^II^O.,) is in the form of white glittering uorijjcs, 
which melt at 102‘5°. It may be sublimed in beautiful crystals. If is soluble in 
22 parts of boiling, and 700 of cold water; dissolves easily in ulcoliui, ether, acetic 
acid, and ethereal oil, and is not precipitated by acetate, of lead. It. is optically 
inactive. Meconine is the reduction product of opiiuue uoiri, and may Ire formed by 
treating narcotiue with zinc dust and hydrochloric acid, Its solution in eonmd.raf.cd 
sulphuric acid becomes, on wanning, purple, and gives, on tin- addition of water, a 
in-own precipitate. Meconine, in large doses, is u feeble usmrotie : I '25 gnu. (29 
grains) has been given to man without result, 

§ 382. Meconie acid (G‘ 7 H 4 0 7 ), or 

CO 


HOOC 


Hc/\cOI-I 


C-COOII 


crystallises in white shining scales or small rhombic prisms, with Uu-ee molecules of 
water (C t H 4 0 7 +3H„0), but at 100° this is lost, and it licconios an opaque white mass 
It reddens litmus, and lias a sourish taste. It is soluble iu 115 parts uf cold lml 
dissolves in 4 parts of boiling water ; it dissolves easily in alcohol, less so iu eth,./ 
It forms welh marked salts ; the barium and calcium salts crystallise with one niolwule 
of water the former haying the composition BaII 4 (C 7 H0 7 ) 2 ; the latter, if ammonia,,, 

, c y n 0al0i r, ° hl01 ' id ^ 0aH 4( C 7 1IO 7)ir; lmt if calcium chloride 
s dded to the acid itself, the salt has the composition 0 7 H. 2 ea0 7 .p H...O, I f mcconio 


E. Kander, Arch, Pharm., ecxxviii., pp. 419-431, 
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d is gently lieatcd, it decomposes into carbon dioxide, and conieuic acid (C^HjO-j). 
ihc heat is stronger, pyrouieeouic acid (O s HjO ; , — carbon dioxide, water, acetic acid, 
1 benzole are formed, 1’yromcciiiiic aeid is readily sublimed iu large transparent 
des. Chloride of iron, and soluble irou salts generally, give with mccouie acid 
en iu great dilution) a lively red colour, which is not altered by boat, nor by tlie 
litiou of HC1, nor by that of gold cliloridc. Sugar of lead and nitrate of silver caeli 
e a white precipitate; and mercurous and mercuric nitrates white and yellow 
cipitatcs. In any ease where tlie analyst has found only mccouie acid, the 
istiou may be raised in court as to whether it is a jwison or not. Tlie early 
leri meats of Scrtnnier, * Laager, Vogel, Summering, and Grape 1 showed that, in 
lpurativcly speaking large doses, it had Imt little, if auy, action 011 dogs or men. 
iors+ lias, however, experimented on frogs, ami found that in doses of '1 to "2 grm. 
rti is, first, a narcotic action, and later, convulsions and death. According to 
:i'off,§ there is a Slight narcotic action on man, 

The most generally accepted view at the present time is that the 
ysiological actinu of meeouic acid is similar to that of lactic acid — 
., large doses cansc some depression and feeble narcosis. 

I 11 a special research amongst organic fluids for mceonic acid, the 
•stances are extracted by alcohol foehly acidulated with nitric acid ; on 
ration the alcohol, after the addition of a little water, is distilled oif, 
1 to the remaining fluid a solution of acetate of lead is added, and the 
ole filtered. The filtrate will contain auy alkaloids, whilst meconic 
i, if present, is bound up with the lead on the filtcv. 'lhc mcconatc 
ead may be cither washed or digested in strong acetic acid to purify 
suspended in water, and freed from lead by >SI[„ ; the filtrate from 
lead sulphide may lie tested by ferric chloride, or preferably, at once 
porated to dryness, and weighed. After this operation it is identilicd. 
he quantity is so small that it cannot be conveniently weighed, it may 
istimated coloriiuctrically, by having a standard solution of meconic 
l, containing 1 mgrni. in every c,c, A few drops of neutral ferric 
iri.de arc added in a Kessler cylinder to the liquid under examination ; 

. the tint thus obtained is imitated in the usual way, in another 
rider, by means of fame olilorido, the standard solution, and water, 
s also obvious that tire weight of the meconic acid may be increased 
converting it into the barium salt — 100 parts of anhydrous baric 
lonate, (l>a j G 7 H. J 0 7 ), being equivalent to 42‘3 of mceonic aeid 

1-W 

* Aim. Fhy *. , xxv. f>(S ; xxvii. 183, 

| Dc op Ui tit do illvi t[iiilnis constat jiarU/tUs, lierol,, 1S‘J2, 

:J: Arch, /Vi. Axial., xxvi. 248. S Med, ./'thresh., 18(J9, 
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IV.— The Strychnine or Tetanus-Producing-* Group of 

Alkaloids. 

1 . NUX VOMICA GROUP— STRYCHNINE— BRUCINE— IGASURINE. 

§ 383. Nux vomica is found in commerce both in the entire state and 
as a powder. It is the seed of the Strychnos nux vomica, or Koochla 
tree. The seed is about the size of a shilling, round, flattened, concavo- 
convex, of a yellowish-grey or light brown colour, covered with a velvety 
down of fine, radiating, silky hairs, which are coloured by a solution of 
iodine beautiful gold-yellow ; the texture is tough, leathery, and not 
easily pulverised ; the taste is intensely bitter. The powder is not 
unlike that of liquorice, aud, if met with in the pure state, gives a dark 
orange-red colour with nitric acid, which is destroyed by chloride of tin ; 
the aqueous infusion gives a precipitate with tincture of galls, is 
reddened by nitric acid, and gives an olive-green tint with persulphate 
of iron. The best method, however, of recognising quickly and with 
certainty that the substance under examination is nux vomica powder, 
is to extract strychnine from it by the following simple process ; — The 
powder is completely exhausted by boiling alcohol (90 per cent.), the 
alcoholic extract evaporated to dryuess, and then treated with water; 
the aqueous solution is passed through a wet filter, and concentrated by 
evaporation to a small bulk, To this liquid a drop or so of a concen- 
trated solution of picric acid is added, and the yellow precipitate 
of picrates thus obtained is separated, treated with nitric acid, the 
picric acid removed by ether, aud the pure alkaloid precipitated by 
soda, and shaken out by chloroform. 

§ .'384, Chemical Composition, — Nux vomica contains two important 
alkaloids : — 

(1) Strychnine, 

(2) Brucine. 

§ 385. Strychnine (C., l H.,.,N,,0. i ) is contained in the bean of S. 
Ignatius, in the bark (false amjustura bark) and seeds of the Stryc/mos 
nux vomica, in the Strychnos colulnina, L,, in the Stvychnos tieutc, Lesch, 
and probably in various other plants of the same genus. 

Commercial strychuiue is met with either in colourless crystals 
or as a white powder, the most usual form being that of the alkaloid 
itself ; but the nitrate, sulphate, and acetate are also sold to a 
small extent. 

The microscopical appearan ce of strychnine, as thrown down by the 
solution of vapour of ammonia, maybe referred to three leading forms — 

* To this group also belong some of the opium alkaloids. See " Tkebainc ” 
0 Laudanine,” “ Codeine,”’ “ Hydrocotaminc.” 
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tiie long rectangular prism, the short hexagonal prism, or the regular 
octahedron. If obtained from the slow evaporation of an alcoholic 
solution, it is usually in the form of four. sided pyramids on long prisms ; 
but if obtained by speedy evaporation or rapid cooling, it appears as a 
white granular powder. If obtained from a benzene solution, the 
deposit is usually crystalline, but without a constant form, though at 
times the crystals are extremely distinct, the short six-sided prism 
prevailing ; hut triangular plates, dodecahedral, rhomboidal, and penta- 
gonal, may also be met with. An ethereal solution on evaporation 
assumes dendritic forms, but may contain octahedra and four-sided 
prisms. A chloroform solution deposits rosettes, veined leaves, stellate 
dotted needles, circles with broken radii, and branched and reticulated 
forms of great delicacy and beauty. — Guy. 

(Strychnine is very insoluble in water, although readily dissolved by 
acidulated water. According' to Wormley’s repeated experiments, one 
part of strychnine dissolves in 8333 parts of cold water ; and, according 
to Pelletier and Cahours, it dissolves in 6667 parts of cold and 2500 
parts of boiling water. It may bo convenient, then, to remember that 
a gallon of c«dd water would hardly dissolve more than 10 grains ('142 
gnu. per litre) ; the same amount, if boiling, about 30 grains (‘426 grm. 
per litre) of strychnine. The solubility of one part of strychnine in 
other menstrua is as follows: — Cold alcohol, 0'833 specific gravity, 120, 
boiling, 10 ports ( WU/ stein) ; cold alcohol, 0'936 specific gravity, 240 
jwrts (March)', cold alcohol, 0'815 specific gravity, 107 parts (Dragm> 
dwrff) j amyl alcohol, 181 parts; benzene, 164; chloroform, 6'9 
(PrlUivt/xir/), r, (Pdt'admjer) ; ether, 1250 parts; carbon disulphide, 
485 parts; glycerin, 300 parts. Creosote and essential and fixed oils 
also dissolve strychnine. 

Of all thcoibovc solvents, it is evident that chloroform is the best for 
purposes of separation, and next to chloroform, benzene. 

If a speck of strychnine be placed in the subliming eell, it will be 
found to sublime usually In a crystalline form at 169°. A common 
form at this temperature, according to the writers’ own observations, 
is minute needles, disposed in lines ; but, as Dr. Guy has remarked, the 
sublimate may consist of drops, .of waving patterns, and various other 
forms; and, further, while the sublimates of morphia are made up of 
curved Hires, tlm.sr. of strychnine consist of lines either straight or 
slightly curved, with parallel feathery lines at right angles. On 
continuing the hunt, strychnine melts at about 221°, and the lower disc, 
if removed and examined, is fouud to have a resinous residue ; but it 
still continues to yield sublimates until reduced to a spot of carbon. 
The urdtiug- point taken in a tube is 268°. 

(Strychnine is so powerfuljy bitter, that one part dissolved in / 0,000 
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of water is distinctly perceptible ; it is a strong base, with a marked 
alkaline reaction, neutralising the strongest acids fully, and precipitat- 
ing many metallic oxides from their combinations, often with the 
formation of double salts. Most of the salts of strychnine arc crystal 
line, and all extremely bitter. Strychnine, in the presence nf oxygon 
combines with SH 2 to form a beautiful crystalline compound : 


2C ?1 H 22 N,0 9 + 6H 2 S + 0 3 = 2C. n ll. 


.Njh.3H y s.r+:ni. ; o. 


On treatment with an acid this compound yields ll..S....-Hclnuidt, Her 
deutsch. c hen. Oes., viii. 1267. 

In solution in alcohol of density of 0-8543 strychnine polarises light 
to the left at 20° [«]„= -114-7' in a concentration of O' 2 A per cent. ; 
when in a concentration of 0‘1 per cent, the specific rotation is *• 1 l()-3 
[Tykociner, Re c. Tran. Chim., i. 148]. Oudcimuis (bielig’s Anuakik </<•>• 
Chemie, clxvi. 76) gives for a solution in alcohol of density U'Sfifi, and a 
concentration of 0'9l per cent, a rotation of - 12, S". The same author 
gives the following : — 4 per cent, solution hi chloroform, - 130“ ; 2'25 per 
cent., - 137'7° ; 1'5 per cent., - 140'7'' ; and in O'; >3 per cent., - h.'Sn", 

§ 386. Strychnine Salts. — The salts used in medicine arc -t.hu 
sulphate , officinal only in the French pluimiacojimia; the. j/./Y /•//./>•, <»fliciiisil 
in the German, Austrian, Swiss, Norse, and Dut ch plmrauicopaiiis ; and 
the acetate, well known in commerce, hut not officinal. 

The commercial Sulphate (C 21 H 2S N v O J , H./iO., + 2 ll.,< >) is an acid salt 
crystallising in needles which lose water at 1 AO’*, the neutral sulphate 
(2C 91 H 22 N 2 0 2 ,H 2 S0 4 + 7H 2 0) crystallises in four. sidl'd, artluirhotubic 
prisms, and is soluble in about 50 parts of cold witter. 

The Nitrate (C 21 H 21 N 2 0, 2 ,HN0 ;! ) crystallises on evaporation from a 
warm solution of the alkaloid in dilute nitric acid, in silky needles, 
mostly collected in groups. The solubility of this salt is considerable, 
one part dissolving in 50 of cold, in 2 of lwiling water ; its solubility in 
boiling and cold alcohol is almost the same, taking 60 of tin: furnurr and 
2 of the latter, 


The Acetate crystallises in tufts of needles; as stated, it is not, 
officinal in any of the European pharmacopoeias. 

The chief precipitates or sparingly soluble crystalline compounds of 
strychnine are — 

(1) The Chromate of Strychnine ((:. 21 ll,.,N,A.,CrIl(),), f on nod by 
adding a neutral solution of chromate of potash to a solution of ast.rycli- 
uine salt, crystallises out of hot water ui beautiful, very slightly soluble, 
orange*yellow needles, mixed with plates of various size and thickness. 
The salt is of great practical use to the analyst j for by its aid strychnine 
may be separated from a variety of substances, and in part from brucine 
the colour tests being either applied direct to the strychnine chromate, 
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or tlie chromate decomposed by ammonia, and the strychnine recovered 
from the alkaline liquid by chloroform, 

(2) Snlphocyanide of Strychnine (C^H^O^CNHS) is a thick, 
white precipitate, produced by the addition of a solution of potassic 
snlphocyanide to that of a strychnine salt; on warming it dissolves, but 
on cooling reappears in the form of long silky needles. 

(3) Double Salts. — The platinum compound obtained by adding a 
solution of platinic chloride to one of strychnine chloride has the conn 
position C, n Id 4i ,N,,0 } ,HClPtClj, a ud crystallises out of weak boiling alcohol 
(in which it is somewhat soluble) in gold-like scales, The similar 
palladium compound (C' 21 H ._,,lN r 2 0.;, HCIPd Cl) is in dark brown needles, and 
the gold compound ( C, n ir w N’. J 0.„HCl A uC 1 3 ) in orange-coloured needles. 

(4) Strychnine Trichloride.— The action of chlorine on strychnine— 
by which chloriue is substituted for a portion of the hydrogen — has lieen 
proposed as a test. The alkaloid is dissolved in very dilute HC1, so as 
to lie only just acid; on now passing through chlorine gas, a white 
precipitate is formed, winch may be reciystallised from ether; it has 
probably tlict composition G a H Hl Cl 3 N' i 0 2 , and is extremely insoluble in 
water. 

(5) The Iodide of Strychnine (C n H j2 N 2 0. 2 ,TdI 3 ) is obtained by the 
action of iodine solution on stryclmme sulphate ; on solution of the 
precipitate in alcohol, and evaporation, it forms violet-coloured crystals, 
very similar to those of potassic permanganate, 

§ .387, Pharmaceutical and other Preparations of Nux: Vomica and 
Strychnine, with Suggestions for their Valuation, 

An aqueous extract of nux vomica, officinal in the German phar- 
macopoeia, appears to contain principally brucine, with a small percentage 
of stiyclmiuo ; the proportion of brucine to strychnine being about four- 
fifths to onc-iiftli. Rlossfield found in a sample 4'3 per cent, of total 
alkaloid, and two samples examined by Grundmann consisted (No, 1) of 
strychnine, 015 per cent. ; brucine, 2‘58 per cent. — total, 3*18 per cent. ; 
(Ho. 2) strychnine, 0*08 per cent. ; brucine, 2'62 per cent, — total, 3‘3 
per cent. A sample examined by Dragendorff yielded — strychnine, 0'S 
per cent. ; brucine, 3'2 per cent, — total, 4 per cent. The maximum 
medicinal dose is put at *G grin. (9-^j grains). 

The spirituous extract of nux vomica, officinal in the British and 
all the Continental pharmacopoeias, differs from the aqueous in containing 
a much larger proportion of alkaloids, vis., about 15 per cent,, and about 
half the total quantity being strychnine. The medicinal dose is 21 '6- 
G4 *8 mgrrns. (} t grain to a graiu). 

There is also an extract of St, Ignatius bean which is used in the 
United States ; nearly the whole of its alkaloid may be referred to 
strychnine, 
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The tincture of mix vomica, made according to the British Pharma- 
copoeia contains in 1 ii. on. 1 grain of alkaloids, or 0'2i part hy weight 
in 100 by volume, but the strength of commercial samples often vanes. 
Lieth found in one sample 0*122 per cent, of strychnine and 0'09 per 
cent brncine ; and two samples examined by Wissel consisted respectively 
of 0-353 per cent, and 0’346 per cent, of total alkaloids. Dragendorff 
found in two samples '2624 per cent, and '244 per cent, of total 
alkaloids, about half of which was strychnine. 

Analysis.— Either of the extracts may he treated for a few hours 011 
the water-bath, with water acidulated hy sulphuric acid, filtered, the 
residue well washed, the acid liquid shaken up with benzene to separate 
impurities, and, on removal of the benzene, alkalised with ammonia, 
an d shaken up two or three times with chloroform ; the chloroform is 
then evaporated hi a tared vessel, and the total alkaloids weighed. 
Tire alkaloids can then be either (a) treated with 11 per cent, of nitric 
add on the water-bath until all the brucine is destroyed, and then 
(the liquid being neutralised ) precipitated by potassic chromate; or (h) 
the alkaloids may be converted into picrates. Picrate of strychnine is 
very slightly soluble in water, 1 part requiring no less tliau 10,000 of 
water.* The tincture is analysed on precisely similar principles, the 
spirit being got rid of by distillatiou, and the residue treated by acidified 
water, etc. 

The uux vomica powder itself may be valued as follows; — 15 to 20 
gnus., pulverised as finely as possible, are treated three times with 150 
to 300 c-c. of water, acidified with sulphuric acid, well boiled, and, after 
each boiling, filtered and thoroughly pressed. The last exhaustion 
must be destitute of all bitter taste. The united filtrates are then 
evaporated to the consistence of a thick syiup, which is treated with 
sufficient burnt magnesia to neutralise the acid. The extract is now 
thoroughly exhausted with boiling alcohol of 90 per cent. ; the alcoholic 
extract, in its turn, is evaporated nearly to dryness, and treated with 
acidulated water ; this acid solution is freed from impurities by shaking 
up with benzene, and lastly alkalised with ammonia, and the alkaloids 
extracted by shaking up with successive portions of chloroform. 
The ehlorofonuic extract equals the total alkaloids, which may be 
separated in the usual way. 

Keller f estimated the alkaloids in nux vomica as follows; — Place 
12 grins, of the powder in a flask with 80 grms, of ether and 40 grms. of 
chloroform. After half an hour add 10 c.c. of a 10 per cent, solution of 
ammonia. Shake at intervals for half an hour, then add 15 to 22 c.c. of 
water and again shake. Now pour off 100 c.c, of the ether mixture into 

* Dolzler, Arch . Pharm. [3], xxiv. 105-109. 

t Chen 1 , Centr., i, 228, 1896. 
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a separating funnel and shake with 50 c.c. of a 0'5 pa' cent. HC1 sola- 
tiou, draw off the acid, add 20 c.c. more acid, shake, and again draw off. 
Add excess of ammonia, and extract the alkaloids with ether -and 
chloroform j evaporate. The extracted alkaloids represent the quantity 
iu 10 grins. of the original powder. 

In four samples of nux vomica examined by Drageudorff the total 
alkaloids ranged bm 2-33 to 2 -4 2 per cent. Grate found in two 
samples 2'88 per cent, and 2-86 per cent, respectively; while Karin-' 
from one sample separated only 1‘65 per cent The strychnine and 
brucine arc in about equal proportions, Drageudorff * finding 1'87 per 
cart, strychnine ivud T145 per cent, brucine, t 

'lire fact tlinb sodium carbonate precipitates, ami sodium bicarbonate 
does not precipitate, strychnine, brucine and veratrine maybe utihsed 
as au imperfect group reagent, imperfect because long contact with an 
excess of bicarbonate solution precipitates slowly the strychnine alka- 
loids ; and a few other alkaloids in dilute solution behave somewhat 
similarly. 

In poisoning by mix vomica there will he the mixed alkaloids to deal 
with, and the processes suggested hitherto for their neat quantitative 
separation do not lead to very good results. Behrais believes that the 
most catain process of recognising strychnine mixed with much brucine 
is to precipitate with platinum chloride in presence of free hydrochloric 
acid, The bruciuo and strychnine precipitates have different forms and 
grouping. 

The mixed salts may be also turned into the nitrate, potassic nitrate 
added, and then the solution almost saturated with common salt ; under 
these etievun stances, tables of brucine nitrate first appear, and later 
needles and tufts of strychnine nitrate. 

Fractional precipitation with platinum chloride may also be tried in 
dilute solution-! ; with much hruci no and very little strychnine the chloro- 
plutinate of brucine conics down first, and it is only in the last fraction 
that stcyclminc conics down, 

To recognise brucine oven in traces contaminated with strychnine, 
on the other liand, is much easier; the solution evaporated with nitric 
acid shows an orange. red edge, 

* DtagciifloifT, Dk rliam'sche HkrlNies/A/Mmi'iuj ciniger starlcifirkcnck/i DrMpLCk , 
St. reliiirifurg, 1874, 

1 Tiit-Hi! di-tails are very necessary, as bearing oil the question of the fatal dose of 
nux vomica, which Taylor tells us (McA. Jurisptwl., i, 409) was of some importance 
iu Iir.g. v. JJ-Vcm, in which 47 gratis ware attempted to be given in milk, The 
fatal duHir of mix vomica must he ruled by its allmloidal content, which may be so 
low as 1 per cent., and as high as nearly 3 Jier cent. 30 grains have proved fatal 
( Taylor ) ; ir the powder iu this instance was of the ordinary strength, the person 
dial from less Unu a grain (’0648 grm. ) of the imited alkaloids- 
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A striking and very sensitive test is also the double thiocyanate of 
brucine and cobalt. 

This is obtained by adding to a solution of the alkaloid a 
little cobalt chloride solution, and then an excess of ammonium 
snlpho-cyanide ; strychnine, veratridine, and the quinine alkaloids give 
under these circumstances immediate amorphous blue precipitates, 
but brucine crystallises after a minute or two iu blue pyramids and 
tufts ; after a time colourless rods of strychnine thiocyanate make 
tlieir appearance. 

Tho vermin-killers in use in this country arc those of Miller, Battle 
Butler, Clift, Craven, Floyd, Gihson, Hunter, Steuicr, and iliurston. 
Ten samples from these various makers examined by Mr. Allen (I’hurm. 
Journal, vol. xii., 1889), gave the following results 
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§ 388. Statistics, — Iu Englaud, during the ten years 1884-1903, 
strychnine, nux vomica, and vermin -killer account for 308 deaths. Of 
these, 64 were ascribed to “ vermiu -killer,” “ Vermin-killer ” may he 
presumed to include not only strychnine mixtures, hut also phosphorus 
and arsenic pastes and powders, so that there are no means of ascertain- 
ing the number of strychnine cases comprised under this heading. 
Taking the deaths actually registered as due to strychnine or mix 
vomica, they are about 2'0 per cent, of the deaths from all sorts of 
poison, Of these deaths 171 were suicidal, 6 were homicidal, and 67 
were accidental, 

Schauenstein has collected from literature 130 cases of poisoning by 
strychnine, and most of these, occurred comparatively speaking during 
recent years ; 62 of the 130, or about one half, were fatal, and 15 were 
homicidal. It has been stated that strychnine is so very unsuitable for 
the purpose of criminal poisoning as to render it unlikely to lie often 
used, Facts, however, do not bear out this view ; for, allowing its 
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intensely bitter taste, yet it must be remembered that bitter liquids, 
such as bitter ale, are in daily use, and a person accustomed to drink 
any liquid rapidly might readily imbibe sufficient of a toxic liquid to 
produce death before he was warmed by its bitterness. It is, indeed, 
capable of demonstratiou, that taste is more vivid after a substance 
has been taken than just in the act of swallowing, for the function 
of taste is not a rapid process, and requires a very appreciable interval 
of time. 

The series of murders by Thomas Neill, or, more correctly, Thomas 
Neill Cream, is an example of the use of strychnine for the purposes 
of murder. Thomas Neill Cream was convicted, October 21, 1892, 
for the murder of Matilda Clover on October 20, 1891 ; there was 
also good evidence that the same criminal had murdered lillen 
Dunworth, October 13, 1891) Alice Marsh, April 12, 1892; Emma 
Shrivell, April 12, 1892, and had attempted the life of Louie 
Harvey. The agent in all these cases was strychnine. There was 
no evideuce as to what form of the poison was administered in 
the case of Clover, but Elleu Dunworth, who was found dying 
in the streets at 7.45 r.M., and died less than two hours after* 
wards, stated that a gentleman gave her “two drops” of white stuff 
to drink. 

In the cases of Marsh and Shrivell, Neill Cream had tea with them 
on the night of April 11, and gave them both “three long pills” ; half 
au hour after Neill Cream left them they were found to be dying, and 
died within six hours. From Marsh 7 grains, from Shrivell nearly 2 
grains of strychnine were separated ; the probability is that each pill 
contained at least 3 grains of strychnine. The criminal met Louie 
Harvey on the Embankment, and gave her “some pills” to take; she 
pretended to do so t but threw them away. Hence it seems probable that 
Neill Cream took advantage of the weakness that a large nundxjr of the 
population have for taking pills, and mostly poisoned his victims in this 
manner, Clover’s case was uot diagnosed during life, but strychnine was 
found six or seven months after burial in the body. It may be men* 
tioned incidentally that the accused himself furnished the clue which 
led to Iris arrest, by writing letters charging certain members of the 
medical profession with poisoning these poor young prostitutes with 
strychnine, 

One of the most famous strychnine poisouing cases was that of 
William Palmer. Baron Brampton, in his reminiscences, speaks of this 
case as follows ; — “William Palmer was a surgeon practising at Rugeley 
in Staffordshire. He was a great racing man, and owned one or two 
racers. A young gentleman of considerable fortune had taken to the 
turf aud owned horses. Palmer' and he became intimate as companions 
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— in short, they were at Shrewsbury races, where Palmer lost and Cook 
won. The latter had considerable sums of money to receive on bets, 
and Palmer, desirous of getting hold of it, poisoned the poor man with 
strychnine,* took possession of his betting'book and papers, received all 
money due, and then had him hastily buried. Ultimately suspicion fell 
on Palmer, he was tried for the murder and hanged. There was little 
doubt he had murdered several others for the sake of the money for 
which he had insured their lives, notably his wife and mother, whose 
name he had forged to several bills. ... I may also add that at 
that time there was no known test for the discovery of strychnine 
in the body, and Palmer was convicted entirely upon the symptoms 
preceding death, and especially the peculiar arching of the body 
after.” 

§ 389. Fatal Dose. — In a research, which may, from its painstaking 
accuracy, be called classical, F. A. Falclc has thrown much light upon 
the minimum lethal dose of strychnine for various animals. It would 
seem that, in relation to its size, the frog is by no means so sensitive to 
strychnine as was believed, and that animals such as cats and rabbits 
take a smaller dose in proportion to their body weight. The method 
used by Falclc was to inject subcutaneously a solution of known strength 
of strychnine nitrate, and, beginning at first with a known lethal dose, a 
second experiment was then made with a smaller dose, and if that 
proved fatal, with a still smaller, and so on, until such a quantity was 
arrived at, that the chances as determined by direct observation were 
as great of recovery as of death. Operating in this way, and making 
no less than 20 experiments on the rabbity he found that the least fatal 
dose for that animal was '6 mgrm. of strychnine nitrate per kilogramme, 
Cats were a little less susceptible, taking '75 mgrm. Operating on 
fowls, he found that strychnine taken into the crop in the usual way 
was very uncertain ; 50 mgrms. per kilo, taken with the food had no 
effect, but results always followed if the poison was introduced into 
the circulation by the subcutaneous needle — the lethal dose for fowls 
beiug, under those circumstances, 1 to 2 mgrms. per kilo. He made 
35 experiments on frogs, and found that to kill a frog by strychnine 
nitrate, at least 2 mgrms. per kilo, must be injected. Mice take a 
little more, from 2'3 to 2'4 mgrms. per kilo. In two experiments on 
the ring adder, in one 62 '5 mgrms. per kilo, of strychnine nitrate, 
injected subcutaneously, caused death in seven hours ; in the second, 
23' 1 mgrms. per kilo, caused death in five days; hence the last 
quantity is probably about the least fatal dose for this particular 
snake. 

* Dr. Taylor analysed the stomach and other organs, — he found antimony, but 
was not successful in tracing strychnine, 
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The case of Warner is exceptional, for he was in weak health; and, if 
calculated out according to body weight, presuming that Dr. Warner 
weighed 68 kilos., the relative dose as strychnine nitrate would be '24 
per kilo. — a smaller dose than for any animal hitherto experimented 
upon. There is, however, far more reason for believing that the degree 
of sensitiveness in man is about the same as that of cats or dogs, and 
that the least fatal dose for mau is ‘70 per kilo., the facts on record 
fairly bearing out this view. It is, therefore, probable that death would 
follow if 48 mgrms. grain) were injected subcutaneously into a man 
of the average weight of 68 kilos (150 lbs.). Taylor estimates the fatal 
dose of strychnine for adults as from 32'4 to I29'6 mgrms. ('5 to 2 
grains) ; Guy puts the minimum at 16 '2 mgrms. ('25 grain). 

Large doses of strychnine may be recovered from if correct medical 
treatment is sufficiently prompt. Witness the remarkable instances on 
record of duplex poisonings, in which the would-be suicide has unwit- 
tingly defeated hisobject by taking strychnine simultaneously with some 
narcotic, such as opium or chloral. In a case related by Schauenstem,* 
a suicidal pharmacist took '48 grm. to '6 grm. (7 '4 to 9-25 grains) of 
strychnine nitrate dissolved in about 30 e.c. of bitter-almond water, and 
then, after half an hour, since no symptoms were experienced, '6 grm. 
(9‘25 grains) of morphine acetate, which he likewise dissolved in bitter- 
almond water and swallowed, After about ten minutes, he still could 
walk with uncertain steps, and poured some chloroform on the pillow- 
case of his bed, and lay on liis face in order to breathe it. In a short 
time he lost consciousness, but again awoke, and lay in a half-dreamy 
state, incapable of motion, until someone entered the room, and hearing 
him murmur, came to his bedside At that moment — two and a quarter 
hours after first taking the strychnine — the pharmacist had a fearful 
convulsion, the breathing was suspended, and he lost consciousness. 
Again, coming to himself, he had several convulsions, and a physician 
who was summoned found him in general tetanus. There were first 
clonic, then tonic convulsions, and finally opisthotonus was fully 
developed. The treatment consisted of emetics, and afterwards tannin 
and codeine were given separately, The patient slept at short intervals ; 
in ten hours after the taking of the poison the seizures were fewer in 
number and weaker in character, and by the third day recovery was 
complete. Dr. Macredy t has also placed on record an interesting case, 
in which the symptoms, from a not very large dose of strychnine, were 
delayed by laudanum for eight hours. A young woman, 23 years 
of age, pregnant, took at 10 a.m, a quantity of strychnine estimated 
at 1'5 grain, in the form of Battle’s vermin-killer, and immediately after* 

* Maschka’s Hamlbuch, from Tschepkc, Deutsche Klinik, 1861. 

t Lancet, November 28, 1882, 
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wards 2 ounces of laudanum. She was seen by Dr. Macredy in four 
hours, and was then suffering from pronounced narcotic symptoms. A 
sulphate of zinc emetic was administered, In eight hours after taking 
the strychnine, there were first observed some clonic convulsive move* 
ments of the hands, and, in a less degree, the legs. These convulsions 
continued, at times severe, for several hours, and were treated with 
chloral. Recovery was speedy and complete. 

In a similar case related by Dr. Harrison,* a man, aged 54, took a 
packet of Battle’s vermin-killer, mixed with about a drachm and a half 
of laudanum and some rum. At the time he had eaten no food fox- 
days, and had been drinking freely; yet fifty minutes elapsed before 
the usual symptoms set in, and no medical treatment was obtained until 
four hours after taking the dose. He was then given chloral and other 
remedies, and made a rapid recovery, 

§ 390. Action on Animals. — Thcaction of strychnine has been experi- 
mentally studied on all classes of animals, from the infusoria upwards. 
The effects produced on animal forms which possess a nervous system 
are strikingly alike, and even in thceeplialapoda, tetanic muscular spasm 
may be readily observed. Of all animals the frog shows the action of 
strychnine in its purest form, especially if a dose be given of just suffi- 
cient magnitude to produce toxic effects. The frog sits perfectly still 
and quiet, unless acted upon by some external stimuli, such as a breath 
of air, a loud noise, or the shaking of the vessel which contains it, then 
an immediate tetanic convulsion of all the muscles is witnessed, lasting 
a few seconds only, when the animal again resumes its former posture. 
This heightened state of roil ex action has its analogue in hydrophobia as 
well as in idiopathic tetanus, If the frog thus poisoned by a weak dose 
is put under a glass shade, kept moist, and sheltered from sound or from 
other sources of irritation, no convulsions occur, and after some days it is 
in its usual health. If, on the other hand, by frequent stimuli, convul- 
sions are excited, the animal dies. M, Ricliet f has contributed a valuable 
memoir to tlic Academy of Sciences on the toxic action of strychnine. 
He has confirmed the statement of previous observers that, with artificial 
respiration, much larger doses of strychnine may be taken without fatal 
result than under normal conditions, and has also recorded some peculiar 
phenomena. Operating on dogs and rabbits, after first securing a canula 
in the trachea, and then injecting beneath the skin or into the saphena 
vein 10 mgrms, of stryekuiue hydrochloratc, the animal is immediately, 
or within a few seconds, seized with tetanic convulsions, and this attack 
would lie mortal, were it not for artificial inspiration. Directly this is 

* iMncrl, May 13, 1882. 

+ “Dc 1’Actkm dr; la Strychnine i tits forte dose sur les Maminiff-res,” CmujJes 
Jiitad,, t. xci. p. 131. 
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practised tlie attack ceases, and the heart, after a period of hurried and 
spasmodic beats, takes again its regular rhythm. Stronger and stronger 
doses may then be injected without causing death. As the dose is thus 
augmented, the symptoms differ. M. Richet distinguishes the following 
periods : — (1) A period of tetanus. (2) A period of convulsion, charac- 
terised by spasmodic and incessant contraction of all the muscles. (3) 
A little later, when the quantity exceeds 10 mgrms. per kilo., a choreic 
period, which is characterised by violent rhythmic shocks, very sudden 
and short, repeated at intervals of about three to four seconds ; during 
these intervals there is almost complete relaxation, (4) A period of 
relaxation ; this period is attained when the dose exceeds 40 mgrms. per 
kilo. Reflex action is annihilated, the spontaneous respiratory move- 
ments cease, the heart beats tumultuously and regularly in the severe 
tetanic convulsions at first, and then contracts with frequency but with 
regularity. The pupils, widely dilated at first, become much contracted. 
The arterial pressure, enormously raised at the commencement, 
diminishes gradually, in one case from 0'34 mm. to 0'05 mm. The 
temperature undergoes analogous changes, and during the convulsions 
is extraordinarily elevated ; it may eveu attain 41° or 42°, to sink in the 
period of relaxation to 36°. Dogs and rabbits which have thus received 
enormous quantities of strychnine (e.g. 50 mgrms. per kilo,), may, in this 
way, live for several hours, but the slightest interruption to the artificial 
respiration, in the relaxed state, is followed by syncope and death. 

§ 391. Effects on Man : Symptoms. — The commencement of symp- 
toms maybe extremely rapid, the rapidity being mainly dependent on the 
form of the poison and the manner of application. A soluble salt of strych- 
nine injected subcutaneously will act within a few seconds j * in a case of 
amaurosis, related by Schuler,! 5 ‘4 mgrms, of a soluble strychnine salt were 
introduced into the punctual lachiymale j in less than four minutes there 
were violent tetanic convulsions. In a case related by Barker, the symp- 
toms commenced in three minutes from a dose of '37 grm. (5'71 grains).^ 

* In one of M, Richetfs experiments, a soluble strychnine salt iujccted into a dug 
subcutaneously acted in fourteen seconds, 

t Quoted by Taylor from Med, Times mid Gazette, July 1861, 

$ A non -fatal dose may show its effects rapi dly , e.g, there is a curi ous case of symp • 
toms of poisoning caused by the last dose of a mixture which is recorded in Pham, 
Jmtrn ,, 1893, 799, A medical practitioner prescribed the followtug mixture ; — 


A Tr. strophanthi, 3r 

Liq, strychni hydrochlorici, 3 iiss. 

Sol, bismuthi et pepsin, (Richardson’s), , . , , jiss. 

Sp. ammon, aromat,, . 

Sp, chloroform!, , aa, §iss. 

Aquam ad, ......... gvi. 

ft, mist. 

Shake the bottle, 
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Here the poison was not administered subcutaneously. (Such short 
periods, to a witness whose mind was occupied during the time, might 
seem immediate. On the other hand, when nux vomica powder has been 
taken, and when strychnine has been given in the form of pill, no such 
rapid course has been observed, or is likely to occur, the usual course 
being for the symptoms to commence within half an hour. It is, how- 
ever, also possible for them to be delayed from one to two hours, and 
under certain circumstances (as in the case related by Maercdy) for 
eight hours. In a few cases, there is first a feeling of uneasiness and 
heightened sensibility to external stimuli, a strange feeling in the 
muscles of the jaw, and a catching of the respiration ; bnt generally 
the onset of the symptoms is as sudden as epilepsy, and previous to 
their appearance the person may be pursuing his ordinary vocation, 
when, without preliminary warning, there is a shuddering of the whole 
frame, and a convulsive seizure The convulsions take the form of 
violent general tetanus; the limbs are stvetched out in voluntarily, the 
hands are clenched, the soles of the feet incurved, and, in the height 
of the paroxysm, the back may be arched and rigid as a board, the 
sufferer resting on head aud heels, and the abdomen tense. In the 
grasp of the thoracic muscles the walls of the chest ave set immovable, 
and from the impending suffocation the face becomes congested, the 
eyes prominent and staring. The muscles of the lower jaw — in "disease 
tetanus ” the first to he affected —are in " strychnos tetanus,” as a rule, 
the last ; a distinction, if it were more constant, of great clinical value. 
The convulsions and remissions recur until death or recovery, and, as a 
rule, within two hours from the commencement of the symptoms the 
case in some way or other terminates, The number of the tetanic 
seizures noted has varied — in a few cases the third spasm has passed 
into death, in others there have been a great number. The duration of 
the spasm is also very different, and varies from thirty seconds to five or 

Two teaspooufnls when the attack threatens, aud repeat in au hour if necessary. 

Richard soil's liquor bismuth contains grain of strychnine in each draelim. 
The mixture was alkaline ; it contained I'7 grain of strychnine anil 38'2n minims of 
chloroform. 

The patient, a woman, 54 years of age, hail taken the previous doses with com 
siderable relief ; but ten minutes after the last dose, which she described as fur more 
bitter than those slie had taken previously, she was seized with the usual symptoms 
of strychnine poisoning, but recovered after five hours. 

The explanation is pretty obvious ; the mixture was alkaline, so that the strych- 
nine was not in the form of a salt, but in the free state, and was therefore dissolved 
by tlie chloroform ; the nmouut of strychnine taken in each dose wholly depended 
on whether or not the mixture was shaken violently and poured out into tlie tea- 
spoon immediately after shaking ; if allowed to repose, the globules of chloroform 
saturated with strychnine would settle at tlie bottom, and there form a stratum rieli 
in strychnine j so that the last dose would certainly contain an excess. 
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even eight minutes, the interval between lasting from forty 'five seconds*' 
to one or even one and a lialf hours. f 

§ 392. Diagnosis of Strychnine Poisoning, —However striking and 
well defined the picture of strychnine tetanus may be, mistakes in 
diagnosis are rather frequent, especially when a medical man is hastily 
summoned, lias never seen u ease of similar poisoning, and Iras no 
suspicion of the possible nature of tire seizure. If a young woman, for 
instance, is the subject, he may put it down to hysteria, and certainly 
hysteria not uufreqnently affects somewhat similar convulsions. I11 a 
painful case in which the scuior author was engaged, a young woman 
cither took or was given (for the mystery was never cleared up fully) a 
fatal close of strychnine, aud though the symptoms were well marked, die 
medical attendant was so possessed with the view that the case was due 
to hysteria, that, even after mailing the postmortem examination, and 
finding no adequate lesion, he theorised as to the possibility of some 
fatal hysteric spasm of the glottis, while there was ample chemical 
evidence of strychnine, and a weighable quantity of the alkaloid was 
actually separated from the contents of the stomach. The medical 
atteudant of Matilda Clover, one of Neill’s victims, certified that the 
girl died from delirium tremens and syncope, although the symptoms 
were typically those produced by strychnine. Such cases are par- 
ticularly sad, for we now know that, with judicious treatment, a rather 
large dose may be recovered from, 

If the case be a male, acoufusion with epilepsy is possible, though 
hardly to be explained or excused ; while in both sex® idiopathic 
tetanus is so extremely similar as to give rise to the idea that all cases 
of idiopathic tetanus are produced by poison, perhaps secreted by the 
body itself, As for the distinction between idiopathic aixl strychnine 
tetanus, it is usually laid down (1) that the intervals in the former are 
characterised by no relaxation of the muscles, but that they continue 
contracted and har'd j and (2) that there is a notable rise of temperature 
in disease tetanus proper 1 , but not in strychnine tetanns. Both state- 
ments arc misleading, aud the latter is not feme, for in strychnic poison- 
ing the relaxation is not constant, and very high temperatures in 
animals have been observed. 

§ 393. Physiological Action. — The tetanic convulsions ate essentially 
reflex, and to be ascribed to a central origin ; the normal reflex 
sensibility is exaggerated and unnaturally extended, If the ischiatic 
plexus supplying the one leg of an animal is cut through, that leg takes 
no part in the general convulsiois, but if the artery of tire leg alone is 
tied, then the leg suffers from the muscular spasm, as well as the limbs 
in which the circulation is unrestrained. In an experiment by Sir 
* White, Brit. Med, Jou.ni., 1867, i Folkes, Ifci, Tines, 1 869, 
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B. W. Richardson, a liCidthy dog was killed, and, as soon as practicable, 
a solution of strychnine was injected through the systemic vessels by 
the aorta — the whole body became at once stiff and rigid as a board. 
These hwjts point unmistakably to the spinal marrow as die seat of the 
toxic influence. Strychnine is, par excellence, a spinal poison. O 11 
physiological grounds the grey substance of the cord is considered to 
have an inhibitory action upon reflex sensibility, and this inhibitory 
power is paralysed by strychnine. The spinal eorrl, it would appear, 
lms the power of collecting strychnine from the circulation and storing 
it up in its structure.*' 

Much light has been thrown upon the cause of death by ltichet’s 
experiments. f It would seem that, in some cases, death takes place by 
ii suffocation, as complete as in drowning, the chcstand diaphragm being 
immovable, and the nervous respiratory centres exhausted. In such a 
case, immediate death would be averted by a tracheal tube, by the aid 
of which artificial respiration might be cairied on ; but there is another 
asphyxia due to the enormous interstitial combustion carried on by 
muscles violently tetanised. ‘ 1 If,” says Hichet, "after having injected 

into a dog a mortal dose of strychnine, and employed artificial respira- 
tion according to the classic method twaity or thirty times a minute, 
the animal dies (sometimes at the end of ten minutes, and in every case 
at the end of an hour or two), and during life the arterial blood is 
examined, it will be ascertained that it is black, absolutely like venous 
blood ” 

Tliis view is also supported by the considerable rise of temperature 
noticed; the blood is excessively poor in oxygen, and loaded with carbon 
dioxide. That this state of the blood is produced by tetanus, is proved 
by the fact that an animal poisoned by strychnine, and then inj eeted 
subcutaneously with curare in quantity just sufficient to paralyse the 
muscular system, docs not exhibit these phenomena. By the aid of 
artificial respiration, together with the administration of curare, an 
animal may live after a prodigious dose of strychnine. 

Meyer J has investigated carefully the action of strychnine on the 
blood- pressure —through a stroug exoitem art of the vaso' motor centre, 
the arteries are narrowed in calibre, and the blood-pressure much in. 
creased; the action of the heart in frogs is slowed, but in the warm- 
blooded animals quickened, 

§ 394. Post-mortem Appearances, — There is but little characteristic 
in the post-mortem appearances from strychnine poisoning. The body 
becomes very stiff a short time after death, and this rigidity remains 
generally a long time. In the notorious Palmer case, the body was rigid 

* It W. Lovett, Juunu Physiol , r is. 89-111. t Op. cit. 

t Wiener Akad, Sitzungsber., 1871. 
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two months after death, but, on the other hand, the riyor mortis has 
been known to disappear within twenty-four hours. If the convulsions 
have been violent, there may be minute haemorrhages in the brain and 
other parts. The senior author has seen considerable haemorrhage in 
the trachea from this cause. When death occurs from asphyxia, the 
ordinary signs of asphyxia will be found in the lungs, etc. The heart 
mostly has its right side gorged with blood, but in a few cases it is 
empty and contracted. 

In a case which Schauenstcin has recorded * he found strychnine still 
undissolved, coating the stomach as a white powder ; but this is very 
unusual, and probably unique. The bladder often contains urine, 
which, it need scarcely be said, should be preserved for chemical 
investigation. 

§ 395. Treatment. — From the cases detailed, and from the experi- 
ments ou animals, the direction which treatment should take is very 
clear. As a matter of course, if there is the slightest probability of any 
strychnine remaining in the stomach, the poison should be removed . It is 
doubtful whether the stomach-pump can be ever applied with benefit in 
strychuine poisoning, the introduction of the tube is likely to aggravate 
the tetanus, but apomorpliine can be injected subcutaneously. Large 
and frequent doses of chloral should be administered iu order to lessen 
the frequency- of convulsions, or prevent their occurrence, and it may be 
necessary in a few cases, where death threatens by suffocation, to per- 
form tracheotomy, aud to use artificial respiration. Where chloral or 
chloroform is not at hand, and in cases of emergency, where this may 
easily happen, the medical man must administer in full doses the nearest 
narcotic at liand.f 

§ 396. Separation of Strychnine from Organic Matters. — The 
separation of strychuine from organic matters, etc., is undertaken strictly 
on the general principles already detailed, It may happen, however, 
that in cases of poisoning there is the strongest evidence from symptoms 
in the person or animal that strychnine alone is to be sought for, In an 
instance of the kind, if a complex organic liquid (such as the contents of 
the stomach) is under examination, it is best to remove the solid sub- 
stances by filtration through glass, wool, or linen, and evaporate nearly 
to dryness over the water-bath, acidifying with acetic acid, and then 
exhausting the residue repeatedly with boiling alcohol of 80 per cent. 

* Op, cil. 

t It is certain that lntidiue would be a valuable antidote for strychnine. C. G. 
Williams found tlrat lutidiue injected into frogs already under the influence of 
strychnine, arrested the convulsions, or if given first, and then followed by a fatal 
dose of strychniue, it prevented the appearance of the tetanus. (See ante, p. 280, 
footnote.) 
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The alcoholic extract is in its turn evaporated to dryness, and taken up 
with water; trie aqueous solution is passed through a wet filter, and 
then shaken up with the usual succession of fluids, viz., petroleum ether, 
benzene, chloroform, and amyl alcohol, which will remove a great 
number of impurities, hut will not dissolve the strychnine from the acid 
solution. The amyl alcohol may lastly be removed by petroleum ether • 
and on removal of the final extractive (which should be done as 
thoroughly as possible) chloroform is added, and the fluid is alkalised 
by ammonia, which precipitates the alkaloid in the presence of the 
solvent. Should the reverse process be employed — that is, ammonia 
added first, and then chloroform — the strychnine is not so perfectly 
dissolved, since it has time to assume a crystalline condition. On 
separation aud evaporation of the chloroform, the residue (if much dis- 
coloured, or evidently impure) may be dissolved in alcohol or benzene, 
and recrystallised several times. Cushman has published an improved 
method of separating strychnine, which, according to test experiments, 
appears to give good results. He describes the method as follows :* — 

“The stouiaeli contents or viscera properly comminuted am weighed, and an 
aliquot part taken for analysis. The mass is digested in a heaker over-night, at a 
warm temperature, with water acidulated with acetic acid, The contents of the 
heaker are filtered liy pressing through muslin, and thou passing through paper- 
The clear filtrato is evaporated mi the water hath to sol't dryness, an excess of 
ordinary 80 per cent, alcohol added, aud boiled tun minutes with stirring, anil 
allowed to stand one half-hour at a warm temperature. This extraction is repeated, 
the alcohol extracts united, filtered, evaporated to soft dryness, aud the residue 
taken up with a little water acidulated with acetic acid, aud shaken out with pure 
acetic ether in a separating funnel, Successive fresh portions of acetic ether are 
used until the solvent shows by its colour, and hy the evaporation of a few drops, 
that it does not contain extractive matter. As many as twelve extractions arc some- 
times necessary to accomplish tills. Care should ho taken in each Case to allow time 
for as complete separation as pissit/lc between tlio two layers. The purified acid 
aqueous liquid, which need not exceed in hulk 50 c.c., is now returned to the 
separator, an equal quantity of fresh aeotic other added, and enough sodic carbonate 
in solution to reuder the mixture slightly alkaline, aud the separator is then 
thoroughly shaken for several minutes. All the alkaluid should now be in solution 
in the aeetic ether, hut u second shaking of the alkaline liquid, with acetic other, is 
always made, tlio two extracts united, and evaporated in a glass dish over hot water 
to dryness. It will now be found that the residue shows the alkaloid fairly pure, 
but uot pure enough for quantitative results, The residue is dissolved in a few drops 
of dilute acetic aeid, wanned to complete solution, filtered if necessary, diluted to 
abont 30c,c,, aud tlie solutiou transferred to a small separating funnel j 30 c.c. of 
other- chloroform (1-1) arc now added, and the separator shaken. After separation 
the heavier ether-chloroform is allowed to run oil', another lot of 30 c. c. of ether- 
chloroform is added, the separator shaken, anil immediately enough ammonia -water 
added to reuder the mixture alkaline, aud the whole vigorously agitated for several 


* “The l’ost-nrortem Detection and Estimation of Strychnine,” by Allcrton S. 
Cushman, Chan, News , vol. lxx. 28. 
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minutes. After separation is complete, the ether-chloroform layer is run Out into a 
clean 50 e.e glass- stoppered burette. The alkaline water solution is agitated with 
20 c.c. more of the ether. chloroform, separated, and this extract, added to that in 
the burette. The burette is now . supported over a small weighed glass dish, wliidr 
is kept warm on a water-bath, and the liquid allowed to evaporate gently, drop by 
drop, until a sufficient quantity of the pure alkaloid lias collected in the centre of 
the dish to vender an accurate weighing possible, or dsc all of the alkaloid may tie 
collected and weighed at once. After all possible tests have been made upon the 
weighed alkaloid, the remainder is re-dissolved in a drop or two of acetic ileid, a little 
water added, and tlic dish exposed under a bell-glass to the fumes of ammonia. After 
standing some time all the strychuiue is found crystallised out in the beautifiil charac- 
teristic needle-formed crystals The mother-liquor is drawn off with a small fine- 
qiointed tnlic and rubber bulb, (lie crystals carefully washed with a little water and 
dried over sulphuric acid, Tiic glass dish containing those crystals is kept as the 
final exhibit, and is shown iu evidence. Another convenient exhibit may be [ac- 
quired by moistening a small filter-paper with a solution of the alkaloid iu dilute 
acetic acid, then moistening with a solution nf potassium diehroinato ; tliis [taper, 
on being dried, may be kept indeliu itely. On moistening it, and touching it at any 
time with a drop of strong sulphuric acid, a violet him, changing to cherry- red, is 
foraiod at the [dace of contact.” 

Should search be made for minute portions of strychuiue iu the 
tissues, considering the small amount of the poison which may produce 
death, it is absolutely necessary to operate 011 a very Urge (quantity of 
material. It would he advisable to take the whole of the liver, the 
brain, spinal cord, spleen, duodenum, kidneys, all the blood that can 
be obtained, and a considerable quantity of muscular tissue, so as to 
make hr all about one-eighth to one-tenth, of the whole body ; t his may 
be cut up into small pieces, and boiled in capacious flairs with alcohol 
acidified with acetic acid. Evaporation must be controlled by adapting 
to the cork an upright condenser. 

Should the aualyst not have apparatus of a size to mrdertake this at 
one operation, it may be done in separate portions — the filtrate from 
any single operation being collected hi a flask, and the spirit distilled 
off iu order to be used for the next, In this way, a large quantity of 
the organs and tissues can be exhausted by half a gallon of alcohol. 
Finally, most of the alcohol is distilled off, and the remainder evaporated 
at a gentle heat in a capacious dish, the final extract being treated, 
evaporating to a syrup, and using Cushman’s process (aide, p. 343) as 
just described. It is only by working on this large scale that there is 
any probability of detecting absorbed strychnine in those cases where 
only oneyrt’two grains have destroyed life, and even then it is possible 
to -miss the poison. 

Strychnine is separated by the kidneys rapidly, ha a suicidal case 
recorded by Schauenstein,* death took place' in an hour and a lralf after 
taking strychnine, yet from 200 e.c. of the urine, Schauenstein was able 
* Masckka’s Huiidbuch, Band 2, p, 620. 
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to separate nitrate of strychnine in well-formed crystals. Dr. Krattur * 
has made some special researches on the times within which strychnine 
is excreted by the kidneys. In two patients, who were being treated by 
subcutaneous injoctiou, half an hour after the injection of 7 '5 mgrms. of 
strychnine nitrate the alkaloid was recognised in the urine The strych- 
nine treatment was continued for eight to ten days, and then stopped ; 
two days after the cessation, strychnine was fonnd in the nrinc, hut uonc 
on the third day, and the inference drawn is that the diminution was 
complete within forty-eight hours. 

Strychnine lias bear detected in the blood of dogs and cats in re- 
searches socially undertaken for that pnrjx>sc, hut sometimes a negative 
result has been obtained withont apparent cause. DrageudorH'f gave 
dogs the largest possible dose of strychnine daily. On the first few days 
no strychnine was found in the urine, hut later it was detected, especially 
if food was witliheld. M’Adam was the first who detected the absorbed 
poison, recognising it in the muscles and urine of a poisoned horse, and 
also in the urine of a hound. Dragendorlf lias found it in traces in the 
kidneys, spleai, and pancreas ; Gay, in different jiarts of the central 
nervous system, aud in the saliva. So far as the evidence goes, the liver 
is the best organ to examine for strychnine ; but all parts supplied with 
blood, and most secretions, may contain small quantities of the alkaloid. 
At one time it was believed that strychnine might he destroyed by 
putrefactiou, hut the question of the decomposition of the poison in 
putrid bodies maybe said to be settled, So far as all evidence goes, 
strychtiine is an extremely stable substance, and no amount of putrescence 
will destroy it. M‘Adam found it in a, horse a month after death, and 
in a duck eight weeks after ; JSTuimeley hi fifteen animals forty-three 
days after death, when the bodies were ranch decomposed ; Roger in a 
body after' five weeks’ interment j Richter in putrid tissues exposed for 
eleven years to decomposition in open vessels j and, lastly, W. A, Noyes \ 
in an exhumed body after it had been buried 308 days. 

It would appear from Ibsen's § experiments that strychnine gets 
dissolved in the fluids .of the dead body — so that whether strychnine 
remains or not, greatly depends as to whether the fluids arc retained 
or are allowed to soak away jit is, therefore, most important in exhuma- 
tions to save as much of the fluid as possible. 

§ 397, Identification of the Alkaloid , — A residue containing strych- 
nine, or strychnine mixed with brucine, is identified — 

* ruci 

t In an animal rapidly kilted by a subcutaneous injection of acetate of strycli- 
niue, no strychnine was detected either in the blood or liver, — DragcndorJ', 

t i/ctim d meric, Chan. Soc., xvi, 2. 

§ Vicrtd . f. yericht , Med., Bd, viii. 
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(1) By its alkaline reaction and its bitter taste. No substance can 
possibly be strychnine unless it tastes remarkably bitter. 

(2) By the extremely insoluble chromate of strychuino, already 
described.'*' A fluid containing 1 : 1000 of strychnine gives with 
chromate of potash (if allowed to stand overnight) a marked preciph 
tate, dissimilar' to all others, except those of lead and baryta chromates, 
neither of which can possibly occur if any of the processes described are 
followed, 

(3) If the chromate just described is treated on a porcelain plate 
with a drop of pure strong sulphuric acid, a deep rich blue colour, 
passing through purple iuto red, rapidly makes' its appearance. This 
colour possesses an absorption speetrum (figured at p. 58). Dr-. Gny, 
neglecting intermediate colours, aptly compares the succession — (1) to 
the rich blue of the Orleans phim ; (2) to the darker purple of the 
mulberry ; and (3) to the bright clear red of the sweet orange. These 
characters — viz., alkalinity, bitterness, and the property of precipitation 
by potassic chromate in a definite crystalline form, the crystals giving 
the colours detailed — belong to no other substance known save stiycli' 
nine, and for all purposes sufficiently identify the alkaloid. The same 
colour is obtained by mixing a drop of sulphuric add with strychnine 
and a crystal, or speck, of any one of the following substances : — Fervid* 
cyanide of potash, permanganate of potash, peroxide of lead, peioxide of 
manganese, and caous hydroxide. 

Potassic permanganate aud sulphuric acid is the most delicate, 
and will detect O'OOl mgrm. of strychnine; cerons hydroxide is, On 
the other baud, most convenient, for cerous hydroxide is white; all 
the others have colours of their own. Cerous hydroxide is prepared 
by dissolving cerium oxalate in dilute sulphuric acid and precipitating 
with ammonia, filtering and well washing the precipitate ; and the 
atter may be used while moist, and responds well to mgrm. of 
strychnine. 

The iuflueirce of mixtures on the colour reactions of stiyehuine have 
been studied by Flrickiger, who states : — 

"No strychniue reaction appears with sulphuric acid containing 
chromic acid (made by dissolving 0’02 grm. of pot. bichromate iu 10 o.c. 
of water, and then adding 30 grms. strong sulphuric acid) when brucine 
and strychnine mixed in equal parts are submitted to the test ; it 
succeeds, however, in this proportion with sulphuric acid containing 
potassium permanganate (’02 gi'm, pot. permanganate in 10 c.c. of 
water, and 30 grms. of strong sulphuric acid). 

“ If the brucine is only one-tenth of the mixture, the bine* violet 

* 1 grm. of strychnine gave 1‘280 grins, of the chromate, =78'1 per cent, of 
strychnine ; 3 gave 3 ‘8 11 of the chromate, =78 '77 per cent, of strychnine. — Mohr. 
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colour is obtained. A large excess of atropine does not prevent or 
obscure the strychnine reaction. A solution of 1 milligrm. atropine 
sulphate evaporated to dryness, together with 5 c.c. of a solution of 
strychnine (1 : 100,000), has no influence on the reaction, neither in the 
proportion of 1 mgrni. to 1 c.c, of the same solution ; neither lias 
cinchonine nor quinine any effect. 

“ Morphine obscures the reaction in the following proportions : — 

“A solution of O'Ol mgrna. strychnine evaporated with a solution of 
1 mgrtn. of morphine sulphate on a water*bath, yields a blurred stryclr 
nine reaction when the residue is dissolved in sulphuric acid, and a 
crystal of potassic permanganate added But still there is evidence 
whereby to suspect the presence of strychnine. 

“ A solution of 2 mgrms. of morphine sulphate treated in like manner 
with 0'01 mgnn, of strychnine yields like results, 

‘'A solution of 3 mgrms, of morphine sulphate evaporated to 
dryness, with a solution of O'Ol mgrm. strychnine yielded results 
with the potassic permanganate test the same as if no strychnine 
was present. 

“A solution of 1 mgrm. of morphine sulphate, treated as above, with 
a solution of 0'1 mgrm, strychnine, offered positive pioof of the presence 
of the latter.” * 

Dragendorff was able to render evident '025 mgrm. mixed with 
twenty times its weight of quin, sulphate ; the same observer likewise 
recognised ‘04 mgrm. of strychnine in thirty three times its weight of 
caffeine. Veratrine is likewise not injurious. 

§ 398. The physiological test eonsists in administering the substance 
to some small animal (preferably to a frog), and inducing the ordinary 
tetanic symptoms. It maybe at once observed that if definite chemical 
evidence of strychnine has been obtained, the physiological test is quite 
unnecessary; and, on the other hand, should the application of a liquid 
or substance to a frog induce tetanus, while chemical evidence of the 
preseuce of strychnine was wanting, it would be hazardous to assert that 
strychnine was present, seeing' that caffeine, carbolic acid, picrotoxin, 
certain of the opium alkaloids, hypapkorine, some of the ptomaines, and 
many other substances induce similar symptoms. The best method (if 
the test is used at all) is to take two frogs, t and insert under the skin of 
the one the needle of a subcutaneous syringe, previously charged with a 
solution of the substance, injecting a moderate quantity. The other frog 
is treated similarly with a very dilute solution of strychnine ; the 
two are then placed under small glass shades, and the symptoms 

* Fliickiger's Reactions, translated by ITagclvoort, Detroit, 1893. 

t A. very practical disadvantage of the physiological test is the great difficulty of 
obtaining frogs exactly when wanted, 
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observed and compared. It is not absolutely necessary to inject the 
solution under the skin, for if applied to the surface the same effects 
ate produced ; but, if accustomed to manipulation, the operator will find 
the subcutaneous application more certain, especially in dealing with 
minute quantities of the alkaloid.* 


< 399 Hypaphorine. — One sabstaacc is known which neither physiological test 
nor the colour rcaetious suffice to distinguish from strychnine, viz kypaphoriuc, + 
the active matter of a papilionaceous tree growing in Java-thc Hypapto™ 
Mbumircm ; a small quantify of the alkaloid is an the bark, a larger quantity is m 

1.1 * a jwjgPll 

Hypaphorine forms colourless ciystals which Inown, without melting, above 520", 
lU1 d exlnde a vapour smelling like uapkthyUu.uuc. The free alkaloid is .soluble iu 
water, but has no action on litmus. Tire salts are less soluble than the free alkaloid. 
SO that acids, such as nitric of hydrochloric, produce i» a short time precipitates 011 
standing. Solutions of the salts are not prod pita ted by alkalies ; chloroform, etlier, 
‘benzene, all fail to extract it from cither alkaline or acid solutions. It gives no 
precipitate with potassic chromate, hut most general alkaloidal reagents precipitate. 

It <rives a precipitate with iodine trichloride aud has therefore probably a 
pyridine nucleus, it may be an acid auilidc.t It gives the same colour's as stryclmine 
w'ith sulphuric add and potassic permaugairateor potassic chromate ; idealises in frogs 
tetanus but the dose has to be much larger than tlrnt of strychnine. The duration 
of life iu doses of 15 mgrins. may extend to five days, ami frogs may even recover 

alter 50 mgnns. ...... , 

The distinction between strychnine and hypaphorine is therefore easy ; besides it 
will not occru- in a chloroform extract, and it will not give a precipitate with potassic 


Cxiruma. uc. 

§ 400. Quantitative Estimation of Strychnine.— The host process of estimating 
the proportion of each alkaloid in a mixture of strychnine- and brucine, is Keller’s 
method. They may also be precipitated as picrates, and the land no picrate destroyed 
by nitric acid after obtaining the combined weight of the mixed picrates; tlieu 
weighing the undestroyed strychnine picrate. 

To cany out the latter process, the solution of the mixed alkaloids must be as 
neutral as possible, A saturated solution of picric add is added drop by drop to com- 
plete precipitation. A filter-paper is dried and weighed, and the precipitate collected 
on to this filter-paper; the precipitate is washed with cold water, dried at 105°, and 
weighed. This weight gives the combined weight of both strychnine and brucine 
picrates, 

The precipitate is now detached from the filter, washed into a small flask, and 
heated on the water-bath for some time with nitric -add diluted to 1'056 gravity 
(about 11 pet oent. HN0 3 ), This process destroys the brucine picrate, hut leaves 
the stryclmine picrate untouched, The acid liquid is now neutralised with ammonia 
or soda, aud a trace 0 f aectic acid added ; the precipitate of strychnine perate is trow 


* Methyl strychnine, as -well as methyl brucine, lias liceu shown by Brown and 
Fraser to liave an effect exactly the opposite to that of strychnine, paralysing the 
nmscles like ouiaie. 1 n the case, therefore, of the methyl compounds, a physiological 
test would he very valuable, since these compounds do not respond to tint ordinary 
tests. 

t Dr. C. Plugge, Arch,/, cep. Path, it. Ph,, Bd. xxxii. 313. 

% Julius Tafel ( Bcr ., 1890, 412) has shown that the colour reaction with H.,.S0 4 
and oxidiang agents are the characteristic tests ofau acid anilide. 
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collected and weighed. The weight of this subtracted from the first weight, of course, 
gives that of the brucine liierate. 

One part of strychnine pierate is equal to 0'5932 strychnine ; and one part of 
brucine pierate is equal to 0'6324 brucine. 

From the staychuiuc liierate the picric acid may be recovered and weighed by 
dissolving the pierate in a mineral acid and shaking out with ether ; from the acid 
liquid thus deprived of picric acid the alkaloid may he separated by alkalising with 
ammonia and shaking out svith chloroform. 

Keller’s method is based ou the conversion of the brucine into dinitro'hrncine, 
which is insoluble in chloroform, From 0'2 to 0'3 grm, of the crude, alkaloids is 
dissolved in 10 c.c, of 10 per cent, HaSO., ; when cold, T5 c.o, of 50 per cent, nitric 
acid (sp, gr, 1'42) is added, After one. and a half hoars pour into a separating funnel, 
make alkaline with ammonia, and shake, out with chloroform. The chloroform takes 
up diuitro strychuiuc but not dinitrodmieiue. 

§401, Brucine (C^H^lS^O^ + 4H 2 0) occurs associated with strych- 
nine in the plants already mentioned | its best source is the so-called 
false angmtura bark, which contains but little strychnine. Its action is 
similar to that of strychnine. If crystallised out of dilute alcohol it com 
tains 4 molecules of water, easily expelled either in a vacuum over sul- 
phuric acid or by heat. Crystallised thus, it forms transparent four-sided 
prisms, or arborescent forms, like boric acid. If thrown down by 
ammonia from a solution of the acetate, it presents itself in needles or 
in tufts. 

Brucine and strychnine contain the same group C 1!, H 17 N 2 0 2. Imt 
brucine contains two methoxyl groups thus : — 

C l5 H 1? N 2 0 1 - C w Hj C l6 ll l7 N 2 0 2 - C fl H 3 (OCH 3 ) 2 

Strychnine. Bmeine. 

The recently-crystallised alkaloid has a solubility different from that 
which has effloresced, the former dissolving in 320 parts of cold, and 
150 parts of boiling water ; whilst the latter (according to Pelletier and 
(la veil ton) requires 500 of boiling, and 850 parts of cold water for 
solution, lh'ncinc is easily soluble in absolute, as well as in ordinary 
alcohol ; 1 part dissolves in 1‘7 of chloroform, in 00-2 of benzene, Petro- 
leum ether, the volatile and fatty oils and glycerine, dissolve the alkaloid 
slightly, amyl alcohol freely; it is insoluble in anhydrous ether. The 
behaviour of brucine in the subliming cell is described at p. 2G1. Anhy- 
drous brucine melts in a tube at 178°. A solution of anhydrous brucine 
in absolute alcohol dissolved in the proportion of 2'129 grnis. in 100 cc. 
of alcohol has a specific rotation [%] at 20° = - 80! (Tyhodner). The' 
taste is bitter and acrid, Soubeiran main tains that it can be recognised if 
1 part is dissolved in 500,000 parts of water, If nitric trioxide be passed 
into an alcoholic solution of brycine, first brucine nitrate is formed ; but 
this passes again into solution, from which, after a time, a heavy, 
granular, blood-red precipitate separates : it consists of diuitro-hnicine 
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(C 23 H ?4 (]N T 0 2 )N 2 0 4 ). Brucine fully neutralises acids, and forms salts, 
which are for the most part crystalline. The neutral sulphate 
(C 23 H ?5 !T 2 0 4 SH 2 0 4 + 3-|H 2 0) is in long needles, easily soluble in water. 
The acetate is not crystalline, that of strychnine is so (p. 328). 

Brucine is precipitated by ammonia, by the caustic and carbonated 
alkalies, and by most of the group reagents. Ammonia does not preen 
pitate brucine, if in excess ;. on the other hand, strychnine comes down if 
excess of ammonia is added immediately, This has been proposed as a 
method of separation ; if the two alkaloids are present in acid solution, 
ammonia in excess is added, and the solution is immediately filtered ; 
the quantitative results are, however, not good, the strychnine precipitate 
being invariably contaminated by brucine. 

Chromate and dichromate of potassium give no precipitate with neutral 
salts of bruciue ; on the other hand, strychnine chromate is at once 
formed if present. It might, therefore, be used to separate strychnine 
from brucine. The authors and others have attempted this method, but 
the results were not satisfactory. 

§ 402. Physiological Action. — The difference between the action of 
strychnine and that of brucine on man or animals is not great. Mays 
states that strychnine affects more the anterior, brucine the posterior 
extremities. In strychnine poisoning, convulsions occur early, and 
invariably take place before death ; but death may occur from brucine 
without any convulsions, and in any case they develop late. Brucine 
diminishes local sensibility when applied to the skin ; strychnine does 
not.* In a physiological sense, brucine may be considered a diluted 
strychniuc, The ■ lethality of brucine, especially as compared with 
strychnine, has been investigated by F. A. Falck.t He experimented on 
1 1 rabbits, injectiug subcutaneously lnucine nitrate in doses of varying 
magnitude, from 100 mgrnis. down to 20 mgrms. per kilogram of body 
weight. He fouud that bmcinc presented three stages of symptoms. 
In the first, the respiration is quickened ; in 3 of the 1 1 cases a strange 
injection of the car was noticed ; during this period the pupils may be 
dilated, In the secoud stage, there arc tetanic convulsions, trismus, 
opisthotonus, oppressed respiration, and dilated jaipils. In the third 
stage the animal is moribund, Falck puts the minimum lethal dose for 
rabbits at 23 mgrms. per kilo. Strychnine kills 3'06 times more quickly 
than brucine, the intensity of the action of strychnine relative to that of 
brucine being as 1 ; 1 1 7'4. Falek has also compared the minimum lethal 
dose of strychnine and brucine with the tetanising opium alkaloids, as 
shown in the following table: — 

* Journ, Physiol ., viii. 301-403. 

t JB'rntin it. Strychnin; r.iac /.oxihilix/ischo Parallclc, v»u Dr. K, A, Falck. 
Viertcljahrsschr . /. yerichtl. Med,, Hand xxiii. p, 78. 
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TABLE SHOWING THE LETHAL DOSES OF VARIOUS 
TETANISING POISONS. 



Mfuinimu lethal 

Dose for every 
Kilogram Weight 
0 i liai>i»»t. 

Proportional 

Strength. 

Strychniuc nitrate, 

Mgrws. 

0-6 


TUehaine nitrate, ..... 

14 ‘4 

24 -o 

Bmciuc nitrate, ..... 

23 ‘0 

38'33 

Laudauiue nitrate, ..... 

29 'C 

49-33 

| Codeine nitrate 

51-2 

85'33 

| Hydrocotamine nitrate, .... 

203-8 

339-66 


Tf these views arc correct, it follows that the least fatal dose far an 
adult man would be l'G4 grm, (about 24-6 grains) of brucine nitrate. 

§ 403. Tests.— If to a solution of brucine in strong alcohol a little 
methyl iodide is added, at the end of a few minutes circular rosettes of 
crystal groups appear (see fig., p. 352) r they arc composed of methyl 
brucine iodide (C„ 3 H 2f( (CH 3 )N. 2 0 4 H I). Crystals identical in shape are also 
obtained if an alcoholic solution of iodine, or hydriodic acid with iodine, 
is added to an alcoholic solution of brucine, A solution of strychnine 
gives with methyl iodide no similar reaction. Strychnine in alcoholic 
solution, mixed with brucine, in no way interferes with the test, The 
methyl iodide test may be confirmed by the action of nitric acid. With 
that reagent it produces a scarlet colour, passing iuto blood*xcd, into 
yel low-red, and finally ending in yellow. This can be- made something 
more than a mere colour test, for it is possible to obtain a crystalline 
body from the action of nitric acid on brucine, If a little of the latter 
be put In a test tule aud treated with nitric acid of l - 4 specific gravity 
(immersing the test tube in cold water to moderate the action), the red 
colour is produced, On spectroscopic examination of the blood-red 
liquid a broad, well-marked absorption band is scon, the centre of which 
(see page 58) is between E. and E, [W, L, about 500], There is also a 
development of nitric oxide and carbon dioxide, and the fonnation of 
methyl nitrite, oxalic acid and kakotelin (C 23 H 20 N 2 O 4 + 5NI*IO s — > 
C 2l H 22 N 4 0 () + N(CH 2 )0 2 + C 2 H 2 0 4 + 2NO + 2H 2 0). On diluting ahum 
dantly with water, the kakotelin separates in yellow flocks, and may be 
crystallised out of dilute hydrochloric or dilute nitric acid in the form of 
yellow or orange-red crystals, very insoluble in water, but dissolving 
readily in dilute acid, On removal by dilution of the product just 
named, neutralisation with ammonia, and addition of a solution of 
chloride of calcium, the oxalate of lime is thrown down, The nitric acid 
test is, therefore, a combined test, consisting of — the production by the 
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action of nitric acid (1) of a red colour ; (2) of yellow scales or crystals 
insoluble in water ; (3) of oxalic acid. No alkaloid save brucine is 
known to give this reaction. 

There are other methods of producing- the colour test. If a few 
drops of nitric acid are mixed with the substance in a test tube, and 
then sulphuric acid cautiously added, so as to form a layer at the bottom, 
at the junction of the liquids a red zone, passing into yellow, is seen. 

A solution of brucine is also coloured red by chlorine gas, ammonia 
changing the colour into yellow. 

Fliickiger * has proposed as a test mercurous nitrate* in aqueous 
solution with a little free nitric acid. On adding this reagent to 



Crystals of Methyl ‘brucine Iodide, (From, a pholograjili:) 

a solution of brucine salt, and gently warming, a fine carmine colour 
is developed, 

In regard to the separation of brucine from organic fluids or tissues, 
the process already detailed for strychnine suffices. It is of very great 
importance to ascertain whether both strychnine and brucine are present 
or not — the presence of both pointing to nnx vomica or one of its pre> 
parations, The presence of bmcine may, of course, be owing to impure 
strychnine ; but if found in the tissues, that solution of the qnestiou is 
improbable, the commercial .strychnine of the present day being usually 
pure, or at the most containing so small a quantity of brucine as would 
hardly be separated from the tissues. 

* Archie /, Phcirm. (3), vi. 404. 
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2. THE QUEBRACHO GROUP OF ALKALOIDS. 

§404. The bark of the Quebracho Blanco* (Aspulostpcntia quebracho) contains, 
according to Hesse’s researches, no fewer than six alkaloids — Qnebracliine, Aspido. 
spermine, Asjiidospermatine, Aspidosamine, and Hypoquebrachine. Tlic more 
important of these are Aspitlospcrtuinc and Qaebrachine. 

§ 405. Aspidospermine (CjoH^NgO,) fomis colourless needles which melt at 
206°. They dissolve in about 6000 parts of water at 14“ — 48 parts of 90 per cent, 
alcohol, and 106 parts of pure ether. The alkaloid gives a line magenta colour with 
perchloric acid. 

§ 406. Quebrachine (C 21 H w N. 2 0 :t ) crystallises in colourless needles, mcltiug' 
point (with partial decomposition) 215°. The crystals are soluble in chloroform, 
with difficulty soluble in cold alcohol, but easily in hot. The alkaloid, treated with 
sulphuric acid and peroxide of lead, strikes a beautiful blue colour. It also gives 
with sulphuric acid and potassic chromate the strychnine colours. Qnebraehiue, 
dissolved in sulphuric acid containing iron, becomes violct'blue., passing into brown. 
The alkaloid, treated with strong sulphuric acid, becomes brown ; on adding a 
crystal of potassic nitrate, a blue colour is developed ; on now neutralising with 
eanstie soda no red coloration is perceived. Dragendorll' has studied the best method 
of extracting those alkaloids for toxicological purposes. He recommends extraction 
of the substances with sulpli uric acid holding water, and shaking up with solvents. 
Aspidospermine is not extracted by petroleum ether or benzene froui an acid watery 
extract, but readily by chloroform or by amyl alcohol. It is also separated from the 
same solution, alkaliscd by ammouia, by ether, amyl alcohol or chloroform ; with 
difficulty by petroleum ether ; some is dissolved by benzene. Qnebracliine may be 
extracted from au acid .solution by chloroform, but not by petroleum other, Alloa' 
lised by ammonia, it dissolves freely in chloroform and in amyl alcohol. Traoes arc 
taken up by potroloum, somewhat more by benzene. Aspidospermine is gradually 
decomposed in tiro body, hut Quehraclnue is more resistant, and lnus been found in 
the stomach, intestines, blood, aud urine. The toxicological action of the bark 
ranks it with the tetanic class of poisons. In this country it docs not seem likely 
to attain any importance as a poison. 

3. PEREIRINE. 

§ 407, Pereirine (O^ILtiN./I) — an tmuirphous alkaloid from pr.rcira bark— gives 
a play of colours with sulphuric acid and pohissio bichromate similar to but not 
identical with that of strychnine, FroluVs reagent strikes with it a blue colour. 
Ou dissolving pereirine in dilute sulphuric acid, and precipitating liy gold chloride, 
the precipitate is a beautiful rod, wliie.li, 011 standing and warming, is deepened. 
Pereirine may lift extracted from oil acid solution, after ulkalisiug witli ammonia, by 
ether or benzene. 

4. GELSEMINE. 

§ 408, Grilse, mine (O 2 .Jl 2 sN. 2 O 4 ) and gelscminino (tyi.^NjO.,) are two alkaloids 
■which have Waul separated from Oelscoiiaw- scnipcrvirais, tlic Carolina jessamine, a 
plant having affinities with several natural orders, and placed by l)e Candolle among 
the Loganiaccce, by Chapman among the JtuMruuxc, and by Dceaisne among the 
Apocyniiccic. It grows wild in Virginia and Florida, t Gelseminc is a strong base; 

* See Liebig's Annak, ccxi. 249-282 ; Her. der dcutsch . chcm . OeseUsch,, xi, 
2189; xii, , 1560. 

t The following are its botanical characters; — Calyx live-parted, corolla funnel- 
shaped, fivc-lobod, somewhat oblique, tire lobes almost equal, tlic posterior being 
innermost in hurl ; stamens five; authors oblong sagittate, stylo tong aud slender; 

23 
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it is yellowish when impure, but a white amorphous powder when pure. It fuses 
below 100° into a transparent vitreous mass, at higher temperatures it condenses on 
glass in minute drops ; its taste is extremely bitta- ; it is soluble in 25 parts of ether, 
in chloroform, bisulphide of carbon, benzene, and in turpentine ; it is not very 
soluble in alcohol, and still less soluble in water, but it freely dissolves in acidulated 
water. The caustic alkalies precipitate it, the precipitate being insoluble in excess ; 
it is first white, but afterwards brick-red. Tannin, picric acid, iodised potassie 
iodide, platinic chloride* potnssio>merenric iodide, and mercuric chloride all give 
precipitates. Frohde’s reagent gives with gelsemine a brown changing to green. 

Sulphuric acid dissolves gelsemine with a reddish or brownish colour; after a 
time it assumes a pinkish hue, and if warmed 011 the water'bath, a more or less 
purple colour; if a small crystal of potassie bichromate be slowly stirred in the 
sulphuric acid solution, reddish purple streaks are produced along the path of the 
crystal ; eerie oxide exhibits this better and more promptly, so small a quantity as 
‘001 grain showing the reaction. This reaction is something like that of strychnine, 
but uitrks acid causes gelsemine to assume a brownish-green, quickly changing to a 
deep green — a reaction which readily distinguishes gelsemine from stiyelmine and 
other alkaloids. 

§ 409. Fatal Dose. — 10 mgrms. killed a frog within four hours, and 8 mgrms. a 
eat within fifteen minutes. A healtliy woman took an amount of concentrated 
tincture, which was equivalent to 11 mgrms. (j grain), and died in seven and a half 
hours. 

§ 410. Effects on Animals — Physiological Action. — Gelsemine acts powerfully 
on the respiration ; for example, Drs. Sydney Ringer and Murrell* found, on operating 
on the frog, that in two minutes the breathing had become distinctly slows- ; in 
three and a half minutes, it had been reduced by one- third ; and in six minutes, by 
one-half; at the expiration of a quarter of an hour, it was only one-third of its 
original frequency j and in twenty minutes, it was so shallow and irregular that it 
could no longer be counted with accuracy. I 11 all their experiments they found 
that the respiratory function was aliolishcd before reflex and voluntary motion had 
become extinct. In several instances the animals could withdraw tlieir legs when 
their toes were pinched, days after the most careful observations had failed to detect 
the existence of any respiratory movement. The heart was seen beating through 
the eliest wall long after- the complete abolition of respiration. 

In their experiments on warm-blooded animals (eats), they noticed that in a few 
minutes the respirations were slowed down to 12 and even to 8, and there was 
loss of power of the posterior extremities, while at short intervals the upper half of 
the body was eonvnlsed. In about half an hour paralysis of tie hind limbs was 
almost complete, and the respiratory movements so shallow that they could not he 
counted. I 11 the case of a dog, after all respiration had ceased tracheotomy was 
performed, and air pumped iu : the animal recovered. 

Ringer aud Murrell consider that gelsemine produces uo primary quickening of 
the respiration, that it has no direct action on either the diaphragm or intercostal 
muscles, that it paralyses neither the phrenic nor the intercostal nerves, and that it 
diminishes the rate of respiration after both vagi have been divided, They do not 

stigmas two, each two-parted, the divisions being linear ; fruit elliptical, flattened 
contrary to the narrow partition, two-cellcd, septicidally two-valvod, the valves 
keeled ; seeds five to six in each oell, large, flat, and winged ; embryo straight in 
fleshy albumen ; the ovate flat, cotyledons much shorter than the slender radicle ; 
stem smooth, twining and shrubby ; leaves opposite, entire, ovate, or lanceolate, 
shining on short petioles, nearly persistent ; flowers large, showy, very fragrant, 
yellow, one to five in the axil of the leaves. 

* Lancet, 1876, vol. i. p, 415. 
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consider that gelsemine acts on the cord through Setsclienow’s inhibitory centre, hut 
that it destroys reflex power by its direct action on the cord, and that probably it 
has no influence on the motor nerves. Dr. Gordon Sanderson has also investigated 
the action of gelsemine on the respiration, more especially in relation to the move- 
ments of the diaphragm. He operated upon rabbits ; the animal being narcotised 
by chloral, a small spatula, shaped like a teaspoon, was introduced into the peri' 
toneal cavity through an opening in the liuea alba, and jiassed upwards in front of 
the liver until its convex surface rested against the under side of the centrum ten' 
dineuin. The stem of the spatula was brought into connection with a lever, by 
means of which its tO'Uiid'fro movements (and consequently that of the diaphragm) 
were inscribed. The first elfeet is to augment the depth but not the fraqaeney of the 
respiratory movements ; the next is to diminish the action of the diaphragm both in 
extent and frequency. This happens in accordance with the general principle 
applicable to most cases of toxic action — viz., that paresis of a central organ is 
precedod by over'aetioii, The diminution of movement upon the whole is pro' 
gressive, but this progression is interrupted, because the blood is becoming more and 
more venous, and, therefore, the phenomena of asphyxia are mixed up with the 
toxical ell'ects. Dr. Sanderson concludes that the drug acts by paralysing the 
automatic respiratory centre j the process of extinction, ' which might be otherwise 
expected to be gradual and progressive, is prevented from being so by tlie inter- 
vention of disturbances of vvliich the explanation is to be found in the imperfect 
arterial isation of the circulating blood. Ringer and Murrell have also experimented 
upon tie action of gelsemine on tho frog’s heart. In all cases it decreased the 
number of beats ; a small fatal dose produced a white contracted heart, a large 
fatal dose, a dark dilated heart ; in either case arrest of the circulation of course 
followed, 

§ 411. Effects on Man.— The preparations used in medicine are tho fluid extract 
and the tincture of gelsemine ; the latter appears to contain the resin of the root as 
well as the active principle, There are several eases on record of gelsemine, or the 
plant itself, having bcou taken with fatal effect* Besides a marked effect on tho 
respiration, there is an elfeet upon the eye, butter seen in man than in tho lower 
animals ; the motor nerves of the eye arc attacked first, objects cannot be fixed, 
apparently dodging their position, the eyelids become paralysed, droop, and cannot 
be raised by an effort of the will; tho pupils are largely dilated, and at tho same 
time a feeling of lightness has been complaiucd of in the tongue ; it ascends gradually 
to the roof of tlie month, and tho pronunciation is slurred. There is sonic paresis of 
tho extremities, and they refuse to support the body ; the rcsqiiration becomes 
laboured, and the pulse rises iu frequency to 120 or 130 beats per minute, but tho 
mind remains clear. The symptoms occur in about an hour and a half after taking 
an overdose of the drug, and, if not excessive, soou disappear, leaving no unpleasant- 
ness behind. If, iiu the other hand, the case proceeds to a fatal end, tho respiratory 
trouble increases, and there may be convulsions, and a couvso very similar to that 
seen in experimenting on animals, Large doses are especially likely to produce 
tetanus, which presents some clinical differences distinguishing it from strychnine 
tetanus. Gelsemine tetanus is always preceded by a loss of voluntary reflex power, 
respiration ceases before tho onset of convulsions, the posterior extremities are most 
affected, and irritation fails to excite another paroxysm till the lapse of some seconds, 
as if tho exhausted cord required time to renew its energy ; finally, the convulsions 
only last a short time. 

§ 412. Extraction from Organic Matters, orthe Tissues of the Body.— Dragon' 
dorff states that, from as little as half a grain of the root, both gelsemine and gclsemic 

* See Lancet, 1873, vol. ii. p. 475 ; Brit. Med. and Bury. .Bourn* , April 1869 ; 
Phil. Med. and Burg. Reporter, 1861, 
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acid may be extracted with acid water, and identified. On extracting with water 
acidified with sulphuric acid, and shaking up the acid liquid with chloroform, the 
gelsemic acid (aiseulin ?) is dissolved, and the gelseinine left in the liquid. The 
chloroform on evaporation leaves gelsemic acid in little micrO'Ciystals ; it may be 
identified by (1) its crystallising in little tufts of crystals ; (2) its strong fluorescent 
properties, 1 part dissolved in 15,000,000 parts of water showing a marked fluores' 
cence, wliieh is increased by the addition of an alkali ; and (3) by splitting up into 
sugar and another body 011 boiling with a mineral acid. After separation of gelsemic 
acid, the gclsemine is obtained by alkalising the liquid, and shaking up with fresh 
chloroform ; 011 sej&ration of tlic chloroform, gclscmiuc may be identified by means 
of the reaction with nitric acid, and also tlie reaction with potassie bichromate and 
sulphuric acid. 

5. COCA ALKALOIDS— COCAINE. 

§ 413. The leaves of Erytkroxylcm coca contain a number of alkaloids, of which 
the following have been investigated : — 

Cocaine, c 17 h 21 no 4 . 

Cinuamyl cocaine, C ln H 23 N0 4 . 
a-Trnxilliue (C M H 23 N0 4 ) 2 , 
tf.Truxilline (C^HaNOj),. 

Benzoyl eegoiiine, C 18 H u N0 4 . 

Tropa 'cocaine, c 15 h 19 no 4 . 

Hygrinc, C 8 H 1D NO. 

Cuseohygrine, Cj 3 H w N0 2 . 

All these alkaloids are esters of ccgonine, and on saponification they yield ccgonine , 
methyl, o.lcohol, and an aromatic acid. 

Cocaine , C 17 H 2l N0 4 , is tiic only coca alkaloid of any great present importance, and 
the other alkaloids arc commercially converted iuto cocaine by first obtaining ccgonine 
from them, treating this with benzoic anhydride which converts it into benzoyl eego* 
nine, benzoyl ccgonine being converted into, cocaine by treating its methyl alcohol 
solution with HC1. Thus — 

C rr H 2l N0 4 + 2ll s O -e> CfjH^vNCX, + C,H b O.,+ ch 3 oh 

Cocaine. Eegonine. neozoic Methyl 

add. alcohol. 

20,1! ls NO :l + (Cofff.COijO -> 2 C s H 14 NO ;1 (COC„H 5 ) + H 2 0 

Eegwnlnc. neozoic Benzoyl eegonine. 

anhydride, 

C U1 H M N0 4 + CH :1 OH -s> C^H^NO, + H 2 0 
Benzoyl Methyl Cfoeuine, 

ecgonloe. alcohol. 

Cocaine crystallises front alcohol in prisms melting at 98°, Not very soluble in 
water, soluble in other, alcohol, benzene, chloroform, and CS 2 , Natural cocaine is 
bitter, alkaliue to metliylorange, and Isevorotatory ; the specific rotatory power of its 
hydrochloride in water -71 '95°, audit yields l-cajmine . From d'cegoniue may 
be preiutred d-cocmne which melts at 46-47° C., and from inactive eegonine may be 
prepared inactive cocaine, melting at 80° C, ; this variety is soluble in alcohol and 
ether, and is probably a raeemic variety uf natural cocaine Also from meegonine 
may be obtained a-cocaine, melting at 305” C., insoluble iu ether, not very soluble in 
alcohol, and a little more soluble in water, Eucalnc, which is n^methyl benzoyl 
triacetone alcaniine carboxylic acid methyl ester , is Used as an artificial substitute for 
cocaine; it crystallises in prisms melting at 104° C., and has similar }iroperties to 
natural cocaine, as also have (^cocaine and f'cocaine. On the other hand, a-cocaine 
has no anaesthetic properties, If in the reaction forming cocaine from eegonine 



COCAINE. 


414 - 4 ( 6 .] 


357 


higher alcohols be substituted fur methyl alcohol, higher homulugues of cocaine are 
formed, having much the same physiological properties as cocaine. 

The constitution of uegoniue and a-ecgoninc may bo represented as follows ; — 


CH,— CH— CH— COOH 

N— CH :i ^>CH011 

Off,— CH— CH, 
Ecgonine. 


CH*— CH -CH. 

N— CH, 

\ 

CH* CH CH* 

a-Ecgoninc. 


\ /U 1 

X. 


./COOH 

coon 


§414. Cocaine Hydrochlorate (0 l7 li M N0 4 HCl). — Crystallised from 
alcohol, cocaine liydrochlorate appears in prismatic crystals ; these 
crystals, according to Hesse,* when perfectly pure, should melt at 
186°, although the melting-point is generally given as 200° or even 
202°. Cocaine liydrochlorate is soluble in half its weight of water, 
insoluble in dry ether, but readily soluble in alcohol, amyl alcohol, 
or chloroform. 

§415. Pharmaceutical Preparations. — Cocaine hydrochlorate is 
officinal. Gelatine discs, weighing 1*31 mgrms. ( 3 \,- grain), and each 
containing 0'33 mgmi. (-...Jg grain) of the salt are officinal, and 
used by ophthalmic surgeons. A solution of the hydrochlorate, con- 
taining 10 per cent, of cocaine liydrochlorate and (for the purposes 
of preserving the solution) 0-15 per cent, of salicylic acid is also 
officinal, Stronger solutions may also be met with ; for instance, a 
20 per cent, solution in oil of cloves for external application in cases 
of neuralgia, 

§416. Separation of Cocaine and Tests. — Cocaiue may be shaken 
out of solutions made slightly alkaline by ammonia by treatment with 
benzene ; it also passes into petroleum ether uuder the same circum- 
stances. The best method is to extract a solution, made feebly alkaline, 
thoroughly by ether, and then shake it out by benzene and evaporate 
the separated benzene at the ordinary air temperature. The property 
of the alkaloid to medt at or below the temperature of boiling water, and 
the ready decomposition into benzoic acid and other prodnets, render 
cocaine easy of identification. If, for instance, a small particle of cocaine 
is put in a tube, a drop of strong sulphuric acid added and wanned by 
the water-bath, colourless crystals of benzoic acid sublime along the tube, 
and an aromatic odour is produced, 

Fliickiger has recommended the production of benzoate of iron as a 
useful test both for cocaine and for cocaine hydrochlorate. 

One drop of a dilute solution of ferric chloride added to a solution of 
20 mgrms. of cocaine hydrochlorate in 2 c.c. of water, gives a yellow 
fluid, which becomes red on boiling from the production of iron benzoate. 
This reaction is of little use unless a solution of the same strength of 
* O, Hesse, Auualen, cclxxvi, 342-344, 
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ferric chloride, but to which the substance to be tested has not been 
added, is boiled at the same time for comparison, because all solutions of 
ferric chloride deepen in colour on heating. 

A solution of the alkaloid evaporated to dryness on the water, 
bath, after being acidulated with nitric acid, and then a few drops 
of alcoholic solution of potash or soda added, develops an odour of 
benzoic ethyl ester. Cocaine Irydrochlorate, when triturated with 
calomel, blackens by the slightest humidity or by moistening it with 
alcohol Cocaine in solution; is precipitated by most of the group 
reagents, but is not affected by mercuric chloride, picric acid, nor 
potassic bichromate. 

Added to the tests above mentioned, there is the physiological 
action; cocaine dilates the pupil, tastes bitter, and, for the time, 
an-ests sensation ; hence the after-effect on the tongue is a sensation 
of numbness. 

Cocaine may be estimated in fairly strong pure solutions (1 per cent.) 
by adding a N/10 iodine until the iodine is in excess ; the hydriodide 
periodide is filtered off and the excess of iodine in the filtrate determined 
by N/10 sodium thiosulphate. The iodine compound fonned is 

c 17 h 21 o 4 nhii 2 * 

§417. Symptoms. — A large number of accidents occur each year 
from the external application of cocaine; few, however, aid fatally. 
Cocaine has thus produced poisonous symptoms when applied to the eye, 
to the rectum, to the gums, to the urethra, and to various other parts. 
There have been a few fatal cases, both from its external and internal 
administration ; Mannheim, for example, has collected eleven of such 
instances, 

The action of cocaine is twofold; there is an action on the central 
and the peripheral nervous system, In small doses cocaine excites tlie 
spinal cord and the brain ; in large it may produce convulsions and then 
paralysis The peripheral action is seen in the numbing of sensation. 
There is always interference with the accommodation of vision, and 
dilatation of the pupil. The eyelids are -wider apart than normal, and 
there may be some protrusion of the eyeball. 

The usual course of an acute case of poisoning is a feeling of dryness 
in the nose and throat, difficulty of swallowing, faintness, and there is 
often vomiting ; the pu lse is quickened ; there is firstcerebral excitement, 
followed usually by great mental depression. Occasionally there is an 
eruption on the skin. Hypersesthesia of the skin is followed by great 
diminution of sensation, the pupils, as before stated, are dilated, the eyes 
protruding, the eyelids wide open, the face is pale, and the perspiration 
profuse. Convulsions and paralysis may terminate tbe scene, Death 
* W, Gaised. and J , N, Collie, Jour, Chem,, Soc., lxxix., 1901, 
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takes place from paralysis of the breathing centre ; therefore the heart 
beats after the cessation of respiration. As an antidote, nitrite of amyl 
has apparently been used with success. 

There is a form of chronic poisoning produced from the taking of 
small doses of cocaine daily. The symptoms are very varions, and are 
referable to disturbance of the digestive organs, and to the effect on the 
nervous system. The patients become extremely emaciated, and it seems 
to produce a special form of mania, 

§ 41 8. Post-mortem Appearances. — The appearauces found in acute 
cases of poisoning have been hypereemia of the liver, spleen, and kidneys, 
as well as of the brain aud spinal cord. 

In the experimental poisoning of mice with cocaine Ehrlich * found 
a considerable enlargement of the liver. 

§ 419. Fatal Dose, — The fatal dose, according to Mannheim, f must 
be considered as about 1 grm. (15 '4 grains) ; the smallest dose known to 
have been fatal is 0’08 grm. (1'2 grain) for an adult, and 0’05 grm. (07 
grain) for a child, 

6. CORYDALINE. 

§ 420, From tlie root of CoryilcUis cecva, eight alkaloids have been isolated, viz., 
Corydaline, C^jH^NCh, Corybnlbine, C!, n H. <i N0 4 , Isoeorybrrlbiue C. a H.,jN0 4 , Bulbo- 
eapnhie, Corytuberine, C u H b NOj, Corycaviue, C^iH.^NOg. Corycavauiine, 

C^HjjNO,, and Corydine, C^H^NCf,. 

These alkaloids are not of any great toxicological importance, but corydaline in 
large doses causes epileptiform convulsions. Death takes Jilaee from respiratory 
paralysis. 

Corydaline crystallised in the cold and away from light, out of a mixture of 
absolute alcohol and ether, forms colourless, Hat, prismatic Crystals, which quickly 
turn yellow on exposure to light or heat. It is bitter to the taste and its solutions 
are dextro-rotatory. Pure corydaline changes colour at about 125°, softens at about 
133°, and melts finally at 134° to 135°. It dissolves iu ether, chloroform, carbon 
disulphide, and benzene, hut not so readily in alcohol. It is almost Insoluble in cold 
water, and but slightly soluble in boiling water. Water preciqiitatcs it from a 
solution in alcohol. It is also soluble in dilute hydrochloric and suljihtiric acids. 
It gives a precipitate with potassium iodide if a solution of the hydrochloride be used, 
The precipitate crystallises out of hot water iu cluster’s of short lemon-yellow pris- 
matic crystals, and lias the formula of (j. w H a N0 4 IlT. Corydaline platinochloride has 
the composition of(G £I H. i7 N0 4 ), 2 H.,l , tGl 6 , containing Ft 1C’94 per cent., and 2'44 per- 
cent. of N. 

An alcoholic solution of iodine oxidises corydaline to deliydroeorydaline 
hydriodide, C a H a3 N0 4 III. Dchydrocorydaliue is very like berberine. The relation 
of corydaline to berberine is further shown by the formation of corydaldiue when 
corydaline is oxidised, 

CH,0. ,C0 - NH 

V u h/ 

ch 3 ck Ndo-nh 

Corydaldiue, 


* Deutsche med. Wochcns., 1890, No, 32, 

- + Deutseh , Arch, f, lelin, Med,, Bd, viii,, 1891, 380. 
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Dobbie and Lauder, as the result of a number of researches, have provisionally 
adopted the following formula for corydaline, * 

CH 

HC f \ C— OCH, 


H.,C 


CH HC 

*\ C )\ ) CECIL, 
CH..O-C f Y YN 


Y/r 


C— 0 CH, 


C 


\/c N/ 

CH u'H.. 


CH., 


V — The Aeonite Group of Alkaloids. 

§ 421. The officinal aconite is the Arndtum napelhts — moukshood or 
wolfsbane — a very common garden plant in this country, and one 
cultivated for medicinal purposes. The root of A . napdlus is from 2 to 
4 inches long, conical in shape, brown externally, and white internally. 
The leaves arc completely divided at the base into five wedge-shaped 
lohes, each of the five lobes being again divided into three linear 
segments. The numerous seeds are three-sided, irregularly twisted, 
wrinkled, of a dark-brown colour, in length one-sixth of an inch, aud 
weighing 25 to the grain {Guy), The whole plant is one of great beauty, 
from 2 to 6 feet high, and having a terminal spike of conspicuous 
blue flowers, The root has been fatally mistaken for horseradish, an 
error not easily accounted for, since no similarity exists between them. 

§ 422. Pharmaceutical Preparations of Aconite, — The preparations 
of aconite used in medicine are — 

Aconitine, officinal in all the pharmacopoeias. 

Aconite liniment (linimentum aconiti), made from tlie root with 
spirit, aud flavoured with camphor ; officinal in the British Pharma- 
copoeia. It may contain .about 2-0 per cent, of aconitine. 

Aconite tincture, officinal in all the pharmacopoeias. 

Aconite ointment, 8 grains of aconitine to the oz. (i.e., 1'66 per 
cent.) ; officinal in the British Pharmacopoeia. 

Aconite extract, the juice of the leaves evaporated ; officinal in 
most of the pharmacopoeias. The strength in alkaloid of the extract 
varies ; in six samples examined by F. Casson, the least quantity was 
O' 16 per cent., the maximum 0’28 per cent.! 

* Joum. Chem . Soc . T., 1892, 244; 1895, 67 ; 1897, 71 ; 1901, 79; 1902, 145. 

t Pharm, Journ., 1894, 901, 
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Fleming’s tincture of aconite is not officinal, but is sold largely iu 
commerce. It is from three to four times stronger than the B.P. 
tincture. 

§ 423. The species of aconite are numerous ; the few that have been 
investigated clearly indicate that the genus is rich in poisonous alkaloids 
and that there are several aconitines, 

Professor Dunstan,* who has been for many years investigating this 
subject, summarises the results obtained up to the present somewhat as 
follows : — 

The alkaloids of aconite plants may be divided into two groups ; the 
first, a toxic group, of which the type is ordinary aconitine, contains 
alkaloids which are diacyl esters of a series of poly-hydric bases con- 
taining four methoxyl groups, the aeonines. 

The members of this group are — 

Aconitine from Aconitum napdlus . 

Japaconitiuc from Aconitum deinorrhysum. 

Bikhaconitine from Aconitum spicatus. 

ludaconitine from Aconitum chasmanthum. 

All these are highly poisonous and exert a very similar physiological 
action. When the acetyl group is removed by hydrolysis the resulting 
benzoyl or veratroyl base is but feebly poisonous ; still hydrolysing 
leads to the splitting off of the aeonines, bases not only destitute of 
toxic power, but in some respects acting in an antagonistic way to the 
aconitine parent. 

The second group is the atisine group, which contains atisine from 
Aconitum heterophyUum and pahnatinc from Aconitum pedmatum ; these 
two alkaloids are not poisonous and therefore will not be described. 

The aconitine group of alkaloids is divided into (1) Aconitines, (2) 
Pseudaconitines, and these may provisionally be represented by the 
following formulee : — 

1, Aconitines. 

Aconitine (acetyl* benzoyl-aconine), 

/OCO-Cir 3 

C M H*O n N= CaH^N-f-fOCH;,), 

Xoco'cyi., 

J apaconitine (acetyl-benzoyl- japaconine), 

/OCO'CH.. 

C 34 H 4s 0 11 N=C 21 H, Js 0 3 N^(0CH :1 ) J 

\000'C g H 5 

Indaconitine (acetyl -benzoyl-pseudaconine), 

/OCO-CHj 

C m H 4 ,O 10 N = C 51 H w O.,N<f (OCH.,) 4 
\OCO'G 6 H s 

* W. it. Dunstaii, 1'tR.S., audit Anderson Henry, Journ. Chcm. Hoc. 'frans., 
1905, 1650. 
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Pseudaconitiue ( acetyl- veratroyl-pseudacouine), 

/OCO'CHj 

Q lc H ll 0 1 ..N=C. fl H !n 0 2 N<f(QCH ;i ) 4 

\oCO-C 0 H 2 (O'CH 3 ).. 

Bikhaconitine (acetyl-veratroyl-bikliaconine), 

yCCOCH, 

C 3fr H 51 O u N=G a H OT ON4(OCH ;1 ) 4 

\0C0‘C 6 H 3 (0'CH 3 ). ; 


Each of the aconitines contains four methoxyl groups, a- 
hydrolysis furnish one molecular proportion of acetic and one of 1 
acid ; thus aconitine should yield 18‘9 benzoic, 9*3 per cent, acetit 
and 79'8 per cent, aconine ; similarly japaconitine breaks up into 
benzoic acids and japaconiue (C 2?l TI 43 0 10 N). Indaconitine into 
and benzoic acids and pseudaconine, C 26 H 41 O s N. The pseudaeo 
yield on hydrolysis acetic aud veratric acids and a base ; pseudac- 
giving the base pseudaconine (C, fj H 4l O s N), and bikhaconitine br 
up into the organic acids already mentioned and the base bikho 
thus ;■ — 

Blkhaconine. Aoetlc Veratvlc 

Acid. Acid. 

C 3u H w O u N = C 2!) H 41 0 7 N + C 2 H 4 0 ,j + c 9 h 10 o 4 . 


The saponification of the various aconite alkaloids is apparent 
effected by dissolving in alcohol, making the solution alkaline wit 
and digesting at ordinary temperatures for twenty-four hours, 
end of which time the solution is neutralised by sulphuric acid, a 
alcohol got rid of by evaporation in a vacuum at a very gentl* 
The aqueous solutiou can now be acidified again by sulphuric ao 
the benzoic or veratric acid, as the case may be, shaken out with b< 
The base is now liberated by alkalising with NaOH and shaki 
with ether, while the acetic acid can be distilled off, first acidifyii: 
sulphuric acid. 

The ethereal solution of the base Dunstan appears to usnall 
with fused calcic chloride for some time in order to have a drj 
solution. 


The aconitines and pseudaconitines rotate a ray of polarised J 
the right ; on the other hand the salts, such as the hydroehlori 
the hydrobronride, are lsevo-rotatory. 

The melting-points and specific rotations of the alkaloids 


follows : — 

Aconitine - 

Japaconitine 

Indaconitine 

Pseudaconitiue 

Bikhaconitine 


Melting-point, 

196°-197° 

204-2° 

202°-203° 

211 °- 212 ° 

113°-116° 


Specific Rotation, 

12 '32 in alcoholic solu.' 


23 '36 
18*17 
18'6 
12-21 


>! 

» 


II 
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The following are the melting-points of the gold salts 1 — 

Melting .point of Gold Salts, 
f(a) 135 '5° 

Aconitine auricliloridc . . . . . . , -? (i) 152° 

1(c) 176° 

Japaconitine „ 

Indaconitiue „ 147°-l)i2° 

Pseudaconitine,, ....... 235°-236° 

Bikhaconitine ,, ....... 232°-233° 

§ 424, Aconitine, — Aconitine from the English A, narpdlus is repre- 
sented as C 33 H 4f) 0 12 N, has a melting-point of 188 '5°, and specific rotation 
of [u] D + 10‘47° - 11T° in alcoholic solution, and the hydrobromide melts 
at 163°. English aconitine is scarcely in commerce now, having been 
supplanted by the German aconitine, which has the melting-point and 
other characters given in the preceding tables, 

The behaviour of a sample of Merck’s aconitine in the subliming 
cell, which has a melting-point of 184°, was as described at page 260. 

Aconitine dissolves in water at 22° in the proportion of 1 in 4431 
(Dunstan) ; it is soluble in 37 of absolute alcohol, 64 of anhydrous ether, 
55 parts of chloroform and benzene ( A . Jurgens) ; it has basic pro- 
perties, and a cold watery solution has an alkaline reaction to cochineal, 
but not to litmus nor to phenol-phthalein. Aconitine is not precipitated 
by mercuric potassium iodide, but gives a voluminous precipitate with 
an aqueous solution of iodine in potassium iodide and a crystalline 
compound with gold chloride. 

Aconitine is best extracted from the plant, or from organic matters 
generally, by a 1 per cent, sulphuric acid ; this strength is stated not to 
hydrolyse aconitine if acting in the cold ; after purifying the acid liquid 
by shaking it with amyl alcohol, and then with chloroform, always 
operating in the cold, the liquid is precipitated by ammonia in very 
slight excess, and the liquid shaken with ether; the ether is removed, 
dehydrated by standing over calcium chloride, and then evaporated 
spontaneously ; should the aconitine be mixed with the other alkaloids, 
advantage can be taken of the method of separating aconitine by con- 
verting it into hydrobromide, as described under “ Benzoyl aconine.” 

§ 425. Tests for Aconitine, — The most satisfactory and the most 
delicate is the physiological test ; the minutest trace of an aconite-holding 
liquid, applied to the tongue or lips, causes a peculiar numbing tingling 
sensation which, once felt, can readily be remembered. 

An alkaloidal substance which, heated in a tube, melts approximately 
near the melting-point of aconitine, and gives off an acid vapour, would 
render one suspicious of aconitine, for most alkaloids give off alkaline 
vapours, Aconitine also may, by heating with dilute acids, be made to 
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readily yield benzoic acid, an acid easy of identification. Aconitine dis- 
solved in nitric acid, evaporated to dryness, and then treated with 
alcoholic potash, gives off an unmistakable odour of benzoic ester. 

Should there be sufficient aconitine recovered to convert it into the 
gold salt, the properties of the gold salt (that is, its melting-point, and 
the percentage of gold left after burning) assist materially in the 
identification. 

A minute quantity of aconitine dissolved in water, acidified with acetic 
acid, and a particle of KI added and the solution allowed to evaporate, 
gives crystals of aconitine hydriodidc, from which water will dissolve 
out the KI. Iodine water gives a precipitate of a reddish-brown colour 
in a solution of 1 : 2000. * 

The chemical tests are supplementary to the physiological ; if the 
alkaloidal extract does not give the tingling, numbing sensation, aconitine 
cannot be present. 

§426. Benzoyi-aconine (" isaconitine ”), C 32 H 4!i NO n , is obtained 
from aconitine by heating an aqueous solution of the sulphate or hydro- 
chloride in a closed tube at 120°-130° for two or three hours, a molecule 
of acetic acid (9'3 per cent.) being split off, and benzoyi-aconine left. 

It may be separated from the mixed alkaloids of the Aconitum 
napellus by dissolving in a 5 per cent, solution of hydrobromic acid 
(excess of acid being avoided), precipitating with a slight excess of 
ammonia, and shaking out with ether. The residue left after the ether 
is evaporated chiefly consists of aconitine ; it is dissolved in just suffi- 
cient hydrobromic acid and the exactly neutral hydrobromate solution 
allowed to evaporate spontaneously in a desiccator ; crystals of aconitine 
hydrobromide separate out, the mother-liquor containing some benzoyi- 
aconine and “homonapelline,” The aqueous solution which has been 
exhausted with ether is now shaken out with chloroform, This chloro- 
form solution contains most of the benzoyi-aconine, and on separation 
the residue is dissolved in just sufficient hydrochloric acid to form a 
neutral solution ; this solution is concentrated on the water-bath with 
constant stirring, crystals of the hydrochloride form, and are filtered off 
from time to time and washed with a little cold water, the washings 
being added to the original liquid ; the different fractions arc mixed 
together, and the process repeated until they have a melting-point of 
268°. Benzoyi-aconine is obtained from the hydrochloride by precipi- 
tating the aqueous solution by the addition of dilute ammonia, and 
extracting the solution with ether ; the solution in ether is washed with 
water, dried by means of calcium chloride, and then distilled off. 
Benzoyi-aconine is left as a transparent colourless non-crystalline varnish 
of a melting-point near 125°, 

* A. Jurgens, Arch, ihwrm. (3), xxiv. 12/, 128. 
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The solution in water is alkaline to litmus. The base is readily 
soluble in alcohol, in chloroform, and in ether. The alcoholic solution 
is dextrorotatory. The solutions are bitter, but do not give the tingling 
sensation characteristic of aconitine. The hydrochloride, the hydro* 
bromide, the hydriodide, and the nitrate have been obtained in a 
crystalline state. The most characteristic salt is, however, the aurochlor 
derivative. When aqueous solutions of benzoyhaconine chloride and 
auric chloride are mixed, a yellow precipitate is thrown down, which 
(dissolved in alcohol, after being dried over calcium chloride, and slowly 
evaporated in a desiccator) deposits colourless crystals entirely different 
from the yellow crystals of aconitine gold chloride. These crystals have 
the composition C 32 H 14 (AuC 1 2 )NO u , and therefore, by theory, should 
yield 2 2 '2 per cent, of gold, and 8 per cent, of chlorine. Professor 
Dunstan* found, as a means of two determinations, 21 '6 per cent, of 
gold, and 7‘8 per cent of chlorine. 

By hydrolysis benzoyhaconine yields benzoic acid, which can be 
shaken out of an acid solution by ether and identified ; one molecule of 
benzoic acid is formed from one molecule of benzoyhaconine. 19'7 per 
cent, of benzoic acid should, according to the formula, be obtained ; 
Professor Dunstau found 18‘85 per cent. 

Benzoic acid in the subliming cell begins to give a cloud at abont 
77°-80°, and at or near 100° sublimes most rapidly. 

Beuzoic acid, recovered from an acid solution by shaking out with 
ether, may be recognised as follows : — To the film left on evaporating 
off the ether add a drop of II 2 S0 4 , and a few crystals of sodic nitrate, 
and heat gently for a short time ; pour the clear liquid into ammonia 
water, and add a drop of ammonium sulphide. A red*brown colour 
indicates beuzoic acid, The rationale of the test is as follows ; — Diuitrp* 
benzoic acid is first formed, and next, by the action of ammonium 
sulphide, this is converted into the rcd*brown ammonium diamidoben- 
zoate, — E. Molilcr, Bull . Boo. Ohem. (3), iii, 414-416. 

§ 427. The Lethal Dose of Aconitines. — Commercial aconitine has 
in the past varied in appearance from that of a gummy amorphous 
mass up to a purer kind in white crystals. 

Professor Dunstan t examined in 1893 fourteen samples, some of 
them of considerable age, and only found two samples (one of English, 
another of German make) which approached in melting-poiut and 
crystalline appearance pure aconitine ; the one, the English, melted at 
186°— 187°, and contained about 3 per cent, of benzoyhaconine; the 
other, a German specimen, was almost pure ; the melting-point was 
187'5°, At the present time, however, fairly pure crystalline aconitine 

* Joum. Chem. Soc, ( Trans , ), 1893. 
t 0}i. fit., 491. 
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may be obtained and assayed accurately by determining the proportion 
of acetic and benzoic acids. The physiological action of commercial 
aconitine is, however, in all cases the same, the difference being in 
quantitative, not qualitative action ; in the small doses usually adminis- 
tered, the physiological action depends wholly upon the toxic bases 
present. 

Cash and Dunstan give the lethal doses for cats per kilo, of body 
weight as follows: — 

Aconitine, . . . . . . .0134 mgrm. 

Diaeetylaeonitine, ...... 4-5 ,, 

Pieuz-aeonine, ....... 24'5 ,, 

Acoiiine, ........ 160-400 , r 

It is difficult to say what would be the minimum fatal dose of pure 
aconitine for a man ; the more so, since there is reason for believing that 
human beings are more sensitive to aconitine than dogs or cats ; prob- 
ably it would be about yU mgrm. per kilo, of body weight ; and taking 
the average weight of an adult at 70 kilos, this would mean 7 mgrms. 
or about of a grain ; but such calculations can only be applied to 
the pure crystalline substance, the lethality of commercial tinctures 
and pharmaceutical preparations generally is best settled by recorded 
cases. 

In 1863 a woman took 70 minims of Fleming’s tincture, and a 
grain of acetate of morphine, and died in about four hours ; but as this 
was a complex case of poisoning, it is not of much value. Fifteen 
minims of the tincture caused very serious symptoms in the case of a 
woman under the care of Dr, Topham,* the effects lasting many hours. 
Probably the smallest quantity of the tincture recorded as having 
destroyed life is in the case of Dr, Male, of Birmingham.! He died 
from the effects of 80 drops taken in ten doses, extending over a period 
of four days — the largest dose at any one time being 10 drops, the 
total quantity would perhaps equal '08 grain of aconitine. 

With regard to the root itself, 3'8 grms, (60 grains) have been known 
to produce death, 

§ 428, Effects of Aconitine on Animal Life. J — There arc few sub- 

* Lancet , July 19, 1851, p, 56. 

t Med, Oaz., vol. xxxvi. p, 861, quoted by Taylor, Prin . of Med, Juris., vol. i. 
p. 426. 

+ Giulini, P , — Expenmentclh Untcrsuchungcn ueber die Wirkung des Aconitins 

das Nervensystem, das Here, u, die Athmung, 8vo, Erlangen, 1876. 

Harlev, Dr, John, — “On the Action and Uses of Aeonitia,” St. Thos. Hosp, 
Reports, 1874, 

V. Schroff, C. Jr. — Beitragzur Kenntniss des Accmit,, 8vo, Wien, 1876. 

Plugge, P. C. — "Untersuchungen ueber die pliysiologisehe Wirkung vei'sehie- 
dener Handelssortaa von Aconitin, u, Pseudoaconitin auf Muskeln u. Nerven, 1 ’ Virch . 
Archiv, Bd, lxxxvii,, 1882, S.,410. 
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stances which have been experimented upon in such a variety of ways 
and upon so many classes of animals as aconitine in different forms ; 
but there does not seem to be any essential difference in the symptoms 
produced in different animals save that which is explained by the 
organisation of the life.form under experiment. 

Insects. — The senior author has made experiments with the active 
principles of aconite upon blow-flies. An extract was made by allowing 
the ordinary tincture to evaporate spontaneously at the temperature of 
the atmosphere. If a minute dot of this is placed upon the head of a 
blow-fly, absorption of the active principle takes place in from fifteen to 
thirty minutes, and marked symptoms result. The symptoms consist 
essentially of muscular weakness, inability to fly, and to walk up per- 
pendicular surfaces ; there is also, in all cases, a curious entanglement 
of the legs, and very often extrusion of the proboscis ; trembling of the 
legs aud muscular twitehings are frequent. A progressive paralysis 
terminates in from four to five hours in death ; the death is generally 
so gradual that It is difficult to know when the event occurs, but 
iu one case there were violent movements of the body, and sudden 
death. 

Fish. — The action on fish has been studied by Schulz and Praag. 
There is rapid loss of power and diminished breathing ; the respiration 
seems difficult, and the fish rapidly die, 

Reptiles — Frogs, — l’luggc, in experiments on frogs, found no 
qualitative difference in the action of any of the commercial samples of 
aconitine. This fact gives the ueecssary value to all the old experiments, 
for wc now know that, although they were performed with impure or 
weak preparations, yet there is 110 reason to believe that the symptoms 
described were due to any other but the alkaloid aconitine in varying 
degrees of purity or dilution. Frogs show very quickly signs of weak- 
ness in the muscular power ; the respiration invariably becomes Laboured, 
and ceases after a few minutes ; the heart’s action becomes slowed, 
irregular, and then stops iu diastole. The poisoned heart, while still 
pulsating, cannot be arrested cither by electrical stimulation of the 
vagus or l>y irritation of the sinus, nor wheu once arrested can any 
further contraction he excited in it. Opening of the mouth and 
apparent efforts to vomit, 1 ’luggc observed both with Rana esculenta 
and Rana temporaria. lie considers them almost invariable signs of 
aconitine poisoning. A separation of mucus from the surface of the 
body of the frog is also very constantly observed. Dilatation of the 
pupils is frequent, hut not constant ; them may be convulsions, both of 
a clonic and tonic character, before death, but fibrillar twitehings are 
seldom, 
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Action of Aconitine on the Heart. 

Bohm * has made researches on the action of aconitine on the frog’s 
heart. After a subcutaneous injection of 5 mgrms. the heart beats 
quicker owing to stimulation of the motor ganglion ; then, as the motor 
ganglion begins to be paralysed and simultaneously the brake-apparatus 
(Hcmmungs-vorriehtungen) stimulated, the beats are slowed and 
become irregular as in the action of the digitalis group. There is finally 
arrest in diastole ; at first removed by atropine, but in the next stage 
atropine has no effect, for there is complete paralysis of the brake 
nervous centre as well as the vasomiotor centre ; if, however, the vagus 
is stimulated the beats may recommence, to be followed by final com- 
plete arrest. 

This sequence is not always easy to follow because the least overdose 
obscures the successive stages by almost at once paralysing the nervous 
centres. Durdufif has shown that, contrary to the poisons of the 
digitalis group, the extensibility of the heart is diminished, that is to 
say, its volume is lessened. 

The mammalian heart is similarly affected to that of the frog. 

With small doses of aconitine, the relation of pulse frequency and 
blood-pressure varies somewhat according to the particular aconitine, as 
it affects the central origin of the nerves of the vessels and the vagus. 
Thus sometimes the pulse slows without sinking of the blood-pressure, 
and sometimes there is increase of pulse and rise of blood-pressure. 
Matthews has registered by means of a myocardiagraph the movements 
of the exposed heart of a dog after aconitine had been introduced into 
the circulation, and seen arhythmic beats and fibrillar contractions of 
the ventricle, results of exalted sensibility and excitability, of the heart 
muscle. All researches show that aconitine is extremely poisonous to 
the mammalian heart ; so minute a quantity as 1 part of aconitine to 5 
million of the blood uotably quickens the pulse even up to 109-131, 
the pulse at once sinking to normal if unpoisoned blood is allowed to 
replace the blood containing aconitine. Doses of 1 of aconitine to 1J- 
million of blood are fatal within 7 minutes by arrest of the heart beat. 
In fatal cases the enormous rise of frequency of heart beat is followed by 
sudden arrest of the left ventricle, whilst the right auricle and ventricle 
may continue to beat for a quarter to half an hour. In this condition 
the beat of the left ventricle cannot be restored by normal blood or by 
any stimulating means whatever. 

The effects of indaconitine { are strikiugly similar to those of aconi- 

* Studicn tiler Eerzgifte. t Archiv f, Exper, Path,, Bd. xxv. 

X The M Pharmacology of Indaconitine, ” by J. Theod. Cash, M.D., and 
Wyiidham R, Dnnstan, M.D., Proc, Roy, Soc,, vol. lxxvi. 
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tine ; the phases of slowing of the pulse and marked quickening and 
subsequent arhythmia due to incoordinate action of auricles and ven- 
tricles are all present. '06 mgrm. administered to etherised cats subcu- 
taneously every forty -five minutes was fatal seventy minutes after the 
third dose. 

1st injection. Temporary acceleration, then slowing of the pulse 
and respiration, moderate fall of arterial pressure. 

2nd injection. Similar effects, but no acceleration of pulse or re- 
spiration. 

3rd injection. Great acceleration of heart beats. Immediately 
before death, when blood-pressure = 28 mm., the rhythm became regular. 
In the earlier part of this period vagus stimulation co-ordinated the 
action of the auricles and ventricles, temporarily raising the blood- 
pressure, hut this effect was lost later. Splanchnic reaction was never 
entirely abolished. 

Artificial respiration prolonged life for over twenty minutes; 0'01 
mgrm. per kilo, of atropine sulphate fully antagonised 0'09 mgrm, per 
kilo, of iudaconitine. 

Bilchaconitine acts quite similarly, save that its action on the respira- 
tion is stronger than that of aconitine, 

Birds. — There is a discrepancy in the descriptions of the action of 
aconitine on birds, L. v, Praag thought the respiration and circulation 
but little affected at first ; while Achscharumow witnessed in pigeons 
dyspncca, dilatation of the pupils, vomiting, shivering, and paresis. It 
may be taken that the usual symptoms observed are some difficulty in 
breathing, a diminution of temperature, a loss of muscular pwwer 
generally (but not constantly), dilatation of the pupils, and convulsions 
before death. 

Mammals, — The effects vary somewhat, according to the dose. V cry 
large doses kill rabbits rapidly, They fall on their sides, are violently 
convulsed, and diciu an asphyxiated condition ; but with smaller doses 
the phenomena first observed are generally to be referred to the respira- 
tion. Thus, in an experiment on the horse, Dr. Harley found that the 
subcutaneous administration of ‘6 mgrrri, ('01 grain) caused in a weakly 
colt some acceleration of the pulse and a partial paralysis of the dilator 
narium. Double the quantity given to the same animal some time 
after caused, in six hours and a half, some muscular weakness, and an 
evident respiratory trouble. The horse recovered in eighteen hours. 
2'7 mgmis. (t/y grain) given in the same way, after a long interval of 
time, caused, at the end of an hour, more pronounced symptoms ; the 
pulse, at the commencement 50, rose in an hour and a half to G8, then 
the respiration became andiblc and difficult. In an hour and three- 
quarters there were great restlessness and diminution of muscular power. 

24 
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Two hours after the injection the muscular weakness increased- so much 
that the horse fell down ; he was also convulsed. After eight hours he 
began to improve. In another experiment, 3‘2'4 mgrms. (£ grain) killed 
a sturdy entire horse in two hours and twenty minutes, the symptoms 
commencing within the hour, and consisting of difficulty of breathing, 
irregularity of the heart’s action, and convulsions. 

The o-eneral picture of the effects of fatal, but not excessive, doses 
given to dogs, cats, rabbits, etc., resembles closely that already described. 
The heart’s action is at first slowed, then becomes quick and irregular ; 
there is dyspnoea, progressive paralysis of the muscular power, convul- 
sions, and death, in asphyxia. Vomiting is frequently observed, some- 
times salivation, and very often dilatation of the pupil. Sometimes 
the latter is abnormally active, dilating and contracting alternately. 
Diarrhoea also occurs in a few cases. -Vomiting is more frequent 
when the poison is taken by the mouth than when administered 
subcutaneously. 

§ 429. Statistics. — During the ten years ending 1903 there were 
recorded in England and Wales 25 accidental deaths from the various 
forms of aconite (22 males, 3 females) ; and 23 suicidal deaths (1G males, 
7 females) from the same cause, which makes a total of 48. 

§ 430, Effects on Man. — Eighty -seven cases of poisoning by aconite 
in some form or other, collected from European medical literature, com- 
prise only 2 cases of murder, 7 of suicide, and 77 which were more or 
less accidental. Six of the cases were from the use of the alkaloid 
itself ; 10 were from the root ; in 2 cases children eat the flowers ; in 
1, the leaves of the plant were cooked and eaten by mistake ; in 7, the 
tincture was mistaken for brandy, sherry, or liqueur ; the remainder 
were caused by the tincture, the liniment, or the extract. 

§431, Poisoning by the Root, — A case of murder which occurred 
some years ago in America, and also the Irish case which took place in 
1841 (Reg, v, M'Conlcey), were, until the trial of Lamson, the only 
instances among English-speaking people of the use of aconite for 
criminal purposes ; but if we turn to the Indian records, we find that it 
has been largely used from the earliest times as a destroyer of human 
life. In 1842 a tank- of water destined for the use of the British army 
in pursuit of the retreating Burmese, was poisoned by intentional con- 
tamination with the bruised root of Aconitum ferox) it was fortunately 
discovered before any harm resulted. A preparation of the root is used 
in all the hill districts of India to poison arrows for the destruction of 
wild beasts, A Lepcha described the root to a British officer as being 
“useful to sportsmen for destroying elephants and tigers, useful to the 
rich for putting troublesome relations out of the way, and useful to 
jealous husbands for the purpose of destroying faithless wives,” From 



ACONITINE. 


371 


§ 431 .] 

the recorded cases, the powdered root, mixed with food, or the same 
substance steeped in spirituous liquor, is usually the part chosen for 
administration. In M'Conkey'scase, the man’s wife purchased powdered 
aconite root, mixed it with pepper, and strewed it over some greens, 
which she cooked and gave to him. The man complained of the sharp 
taste of the greens, and soon after the meal vomited, and suffered from 
purging, became delirious with lockjaw, and clenching of the hands ; 
he died in about three hours. The chief noticeable post-mortem 
appearance was a bright red colour of the mucous membrane of 
the stomach. 

The symptoms in this case were, in some respects, different from those 
met with in other cases of poisoning by the root. A typical case is given 
by Dr. Chevers (op. ait,'), in which a man had taken "by mistake a small 
portion of aconite root. Immediately after chewing it he felt a sweetish 
taste, followed immediately by tingling of the lips and tongue, numbness 
of the face, and severe vomiting. On admission to hospital he was 
extremely restless, tossing his limbs about in all directions and constantly 
changing bis position. He complained of a burning sensation in the 
stomach, and a tingling and numbness in every part of the body, 
excepting his legs. The tingling was specially marked in the face and 
tongue — so much so that he was constantly moving the latter to and fro 
in order to scratch it against the teeth. Retching and vomiting occurred 
almost incessantly, and he constantly placed his hand over the cardiac 
region. His face was anxious, the eyes suffused, the lips pale and 
exsanguine, the eyelids swollen, moderately dilated, and insensible to 
the stimulus of light ; the respiration was laboured, 64 in a minute; the 
pulse 66, small and feeble, There was inability to walk from loss of 
muscular power, but the man was perfectly conscious. The stomach- 
pump was used, and albumen and milk administered, Three and three- 
quarter hours after taking the root the symptoms were increased in 
seventy, The tongue was redand swollen, the pulse intermittent, feeble, 
and slower. The tingling and numbness had extended to the legs. On 
examining the condition of the external sensibility with a pair of scissors, 
it was found that, 011 fully separating the blades and bringing the points 
in. contact with the skin over the arms and forearms, lie felt them as 
one, although they were 4 inches apart. But the sensibility of the 
thighsand legs was less obtuse, for he could feel the two points distinctly 
when they were 4 inches apart, and continued to do so until the distance 
between the points fell short of 2^ inches. He began to improve about 
the ninth hour, and gradually recovered, although he suffered for one 
or two days from a slight diarrhoea. As in the case detailed (p. 3/3), 
no water was passed for a long time, as if the bladder early lost 
its power. 
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s 432 Poisoning by the Alkaloid Aconitine. — Probably the earliest 
instance on record is the case related by Dr. Golding Bird in 1848.-* 
What kind of aconitine was then in commerce is not known, and since 
apparently a person of oonsiderable social rank was the subject of the 
poisoning, the case has been imperfectly reported. It seems, however, 
that whether for purposes of suicide, or experiment, or as a medicine, 
two grains and a half of aconitine were swallowed. The symptoms were 
very violent, consisting of vomiting, collapse, and attacks of muscular 
spasm; the narrator describes the vomiting as peculiar. “ It, perhaps, 
hardly deserved that title ; the patient was seized with a kind of general 
spasm, during which he convulsively turned upon his abdomen, and with 
an intense contraction of the abdominal muscles, he jerked out, as it 
were, with a loud shout the contents of his stomach, dependent appar- 
ently on the sudden contraction of the diaphragm.” On attempting to 
make him swallow any fluid, a fearful spasm of the throat was produced ; 
it reminded his medical attendants of hydrophobia. The patient recovered 
completely within twenty-four hours. 

One of three cases reported by Dr. Albert Bnsscherj of poisoning 
by aconitine nitrate, possesses all the exact details of an intentional 
experiment, and is of permanent value to toxicological literature. 

A labourer of Beerta, 61 years of age, thin, and of somewhat 
weak constitution, suffered from neuralgia and a slight intermittent 
fever ; Dr. Carl Meyer prescribed for his ailment : — 

R Aconlti Nitrici, 2 grm. 

Tr, Chenopodii Ambrosioid., 100 grms. M.D.S. 

Twenty drops to be taken four times daily. The patient was instructed 
verbally by Dr, Meyer to increase the dose until lie attained a maximum 
of sixty drops per day. 

The doses which the mau actually took, and the time of taking them, 
are conveniently thrown into a tabular form as follows : — 


No, 1. March 14, 7 r. jj, , 5 <lr»p.s equal to aconitine nitrate, 

'4 mgrm. 

„ 2. „ 9r.n.,20 „ 

II 

Jl 

D6 

„ 3, March 16, 8 A.M. .20 „ 

1 1 

>> 

1-6 „ 

„ A „ 11 A.M., 20 „ 

>1 

>! 

1'6 „ 

„ 5. „ 4f,m., 20 „ 


1 1 

1-6 „ 

» 6, „ 9 r, ir., 20 „ 

) ) 

>1 

1'6 „ 

„ 7. March 16, 10 r, m,, 10 ,, 

1 I 

5) 

'8 >. 


In the whole seven doses, which were distributed over forty-eight hours, 
he took 9-2 mgrms, ('14 grain) of aconitine nitrate. 

On taking dose No. 1, he experienced a feeling of constriction 

* Lancet, vol. i, p, 14, 

t IiiioxicatiomfiUU dvrcli Acmiitin Nitrimm Gallic am, nebst Sections Bcricht, 
von Dr, Albert Busscher; Bcrl. klinischc Wochcnschrif i, 1880, No. 24, pp. 338, 356 
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(Zus amnenzieh uioj ) , and burning spreading from the mouth to the 
stomach, but this after a little while subsided. Two hours afterwards 
he took No. 2, four times the quantity of No. 1. This produced the 
same immediate symptoms, but soon he became cold, and felt very ill. 
He had an anxious oppressive feeling about the chest, with a burning 
feeling about the throat ; the whole body was covered with a cold 
sweat, his sight failed, he became giddy, there was excessive muscular 
weakness, he felt as if he had lost power over his limbs, he had great 
difficulty in breathing. During the night he passed no water, nor 
felt a desire to do so. About half an hour after he had taken the 
medicine, he began to vomit violently, which relieved him much; he 
then fell asleep. 

Dose No. 3, equal as-before to 1‘6 mgrm., he took in the morning. 
He experienced almost exactly the same symptoms as before, but con- 
vulsions were added, especially of the face ; the eyes were also prominent; 
twenty minutes after he had taken the dose vomiting came on, after 
vhich he again felt better. 

lie took dose No. 4, and had the same repetition of symptoms, but 
in the intawal between the doses he felt weaker and weaker ; he had no 
eucrgy, aud felt as if paralysed. No. 5 was taken, and produced, like 
the others, vomiting, after which he felt relieved. Neither he nor his 
wife soerned all this time to have had any suspicion that the medicine 
was really doing harm, but thought that the effects were due to its 
constant rejection by vomiting, so, in order to prevent vomiting with 
No. 6, he drank much cold water, After thus taking the medicine, 
the patient seemed to fall into a kind of slumber, with great restlessness ; 
about an hour and a half afterwards he cried, “ I am chilled ; my heart, 
my heart is terribly cold. I am dying ; I am poisoned.” His whole 
body was coveted with perspiration; he was now convulsed, aud lost 
sight and healing; his eyes were shut, his lips cracked and dry, he 
could scarcely open his mouth, aud he was extremely cold, and thought 
lie was dying. The breathing was difficult and rattling : from time to 
time the muscular spasms came on, His wife now made a large quantity 
of hot strong black tea, which she got him to drink with great difficulty ; 
although it was hot, he did not know whether it wasTEot or cold. About 
live minutes afterwards he vomited, and did so several times ; this 
apparently relieved him, and he sank into a quiet sleep ; during the 
night lie did not urinate. In the morning the wife went to Dr. Carl 
Meyer, described the Bymptoms, and accused the medicine. So convinced 
was Dr. Meyer that the medicine did not cause the symptoms, that he 
poured out a quantity of the same, equal to 4 nagrms. of aconitine 
nitrate, and took it himself in some wine, to show that it was harmless, 
and ordered them to go on with it, The unhappy physician died of 
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aconitine poisoning five hours after taking the medicine* In the 
meantime, the woman went home, and her husband actually took a 
seventh, but smaller dose, which produced similar symptoms to the 
former, but of little severity ; no more was taken. 

The absence of diarrhoea, and of the pricking sensations so often 
described, is in this case noteworthy. Both diarrhoea and formication were 
also absent in a third case reported by Dr. Busscher in the same paper. 

§ 433. The most important criminal case is undoubtedly that of 
Lamson;— At the Central Criminal Court, in March 1882, George 
Henry Lamson, surgeon, was convicted of the murder of his brother, 
inlaw, Percy Malcolm John. The victim was a weakly youth of 18 
years of age, paralysed in his lower limbs from old standing spinal 
disease, The motive for perpetrating the crime was that Lamson, 
through his wife (Malcolm Jolm’s sister), would receive, on tie death of 
his bro the run -law, a sum of £1500, and, according to the evidence, it is 
probable that there had been one or more previous attempts by Lamson 
on the life of the youth with aconitine given in pills and in powders. 
However this may be, on November 24, 1880, Lamson purchased 2 
grains of aconitine, came down on December 3 to the school where (he 
lad was placed, had an interview with his brother-unlaw, and, in the 
presence of the headmaster, gave Malcolm John a capsule, which he 
filled then and there with some white powder, presumed at the time to 
be sugar. Lamson only stayed altogether twenty minutes in the house, 
and directly after he saw his brother-inlaw swallow the capsule, he left. 
Within fifteen minutes Malcolm John became unwell, saying that he 
felt as if he had an attack of heartburn, and then that he felt the same 
as when his brother-in-law had on a former occasion given him a quinine 
pill. Violent vomiting soon set in, and he complained of pains in his 
stomach, a sense of constriction in his throat, and of being unable 
to swallow. He was very restless — so much so that he had to be 
restrained by force from injuring himself. There was delirium a few 
minutes before death, which took place about three hours and three- 
quarters after swallowing the fatal dose. The post-mortem appearances 
essentially cousisted of redness of the greater curvature of the stomach, 
and the posterior portion of the same organ. In one part there was a 
little pit, as if a blister had broken; the rest of the viscera were 
congested, and the brain also slightly congested.! 

* The symptoms suffered by Dr, Meyer are to be fonnd in jtfeder , Tijdsckrift van 
GeneesJcundc, 1880, No, 16. 

t To these eases of poisoning by thealkaloid aconitine may be added one recorded 
in Boucbardat’s Amuairc dc TMmpeutie, 1881, p. 276. The case in itself is of but 
little importance, save to illustrate the great danger in permitting the dispensing of 
such active remedies of varying strength, A gentleman suffering from “'angina 
pectoris” was prescribed ' 1 Hotto tfs aconitine ” in granules, and directed carefully to 
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i-U, lie' rviii jii >.iii m" hy f lio linistui'ir, extract, or other 

prup o .i*r -ii, tin ir-t dilh-r from those detailed, Ah unusual ellocts, 
or- . -j!j uly >• r-n, n, ,iy in- indi-,1 ju'oihiuiil unronseiousness hislitig for two 
irrui -i r 1 iri hisiiS < liuli iii t witiiliiug of the muscles of the face, 
i-|‘i r"!, r * iio*. :ml vji.h-ii), rnmul ions. If is impiirtuut to distinguish 
lie -,y ;i.j * * lit- «hir-li ore inti, otii'.laiil fr»>m those which arc constaut, or 
lit i! A "■ /. Tho tnc-im • aid i-v, iii t- ^ ionisations about the tongue, 
ll»i" »t, h ji , ft'' r .in' nut *‘"u;it.aiif : I hey lyrtiiiuly were not present in the 
rr lii.ir k.ihi, < >• i in in f i fitnl at p. .",77,. tipisiUiug general ly, they seem 
jii.rt f Jsi.i i’, !o » e:ir af'er t ah ur' t.Ii>* roof nr file ordinary luc.ilicinal pro* 
jrnat-'-fi A *ii. «»'• 1 .tat,' of flic pupil m hy uo means constiuit, au(l 
!<< u i.i ii- p Li. ! tn.,n. hi ii'iiiu.'i is seen a ft. or faking the root or tincture 
I \ i i,r ' i, arli, },nt i •. nfti ii uhsonl. In shorl, I hr only constant symp* 
turn', air >.f hi' ailiiiu'jprogri'H.'tivii uiusculiu* weakness, generally 
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cerebral membranes and brain, a fulness of the large veins, the blood 
generally fluid — sometimes hypersemia of the liver, sometimes not. 
Wheu aconitine has been administered subcutaneously, there have 
been no inflammatory appearances in the stomach and bowels. 

In the case of Dr, Carl Meyer, who died in five hours from swallow- 
ing 4 mgrms. of aconitine nitrate, the corpse was of a marble paleness, 
the pupils moderately dilated. The colour of the large intestine was 
pale ; the duodenum was much congested, the congestion being most 
intense the nearer to the stomach ; the mucous membrane of the stomach 
itself was strongly hy perEemic, being of an intense red colour ; the spleen 
was enlarged, filled with much dark blood. The liver and kidneys were 
deeply congested, the lungs also congested ; the right ventricle of the 
heart was distended with blood ; in the pericardium there was a quantity 
of bloody serum. The brain was generally blood-red ; in the cerebral 
hemispheres there were several large circumscribed subarachnoid extra- 
vasations. The substance of the brain on section showed many red 
bloody points. 

In a case recorded by Taylor, in which a man died in three hours 
from eating a small quantity of aconite root, the only morbid 
appearance found was a slight reddish-brown patch on the cardiac end 
of the stomach, of the size of half a crown ; all the other organs being 
healthy. 

§ 437. Separation of Aconitine from the Contents of the Stomach 
or the Organs. — It would appear certain that in all operations for the 
separation of aconite alkaloids (whether from the organic matters which 
make tip the plant, or from those constituting animal tissues), mineral 
acids aud a high heat should be avoided. A 1 per cent, sulphuric acid 
does not, however, hydrolyse, if acting in the cold, so that the process 
already given, p. 363, may be followed. 

The chemical examination in the Lamson case was entrusted to Dr. 
Stevenson, assisted by Dr. Dnprd, and was conducted on the principles 
detailed. The contents of the stomach were treated with alcohol, and 
digested at the ordinary temperature of the atmosphere; the contents 
were already acid, so no acid in this first operation was added. The mix- 
ture stood for two days and was then filtered. The insoluble portion 
was now exhausted by alcohol, faintly acidulated by tartaric acid, aud 
warmed to 60° ; cooled and filtered, the insoluble part being washed again 
with alcohol. The two portions — that is, the spirituous extract acid 
from acids pre-existing in the contents of the stomach, and the alcohol 
acidified by tartaric acid — were evaporated down separately, exhausted 
by absolute alcohol, the solutions filtered, evaporated, and the residue dis- 
solved in water, The two aqueous solutions were now mixed, and shaken 
up with ether, which, as the solution was acid, would not remove any 
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alkaloid, but might remove various impurities ; the residue, after being 
thus partially purified by ether, was alkalised by sodic carbonate, and the 
alkaloid extracted by a mixture of chloroform and ether. On evapora- 
tion of the chloroform and ether, the resulting extract was tested 
physiologically by tasting, and also by injections into mice. By means 
analogous to those detailed, the experts isolated aconitine from the vomit, 
the stomach, liver, spleerr, and urine, and also a tninu te quantity of mor- 
phine, which had been adnrinistcred to the patient to subdue the pain 
during his fatal attack, When tasted, the peculiar numbing, tingling 
sensation lasted many hours. These ex tracts were relied upon as evidence, 
for their- physiological effect was identical with that produced by aconi- 
tine. For example, the extract obtained from the urine caused symp- 
toms to commence in a mouse in two minutes, and death in thirty 
minute?, and the symptoms observed by injecting a nrottse with known 
aconitine coincided in every particular with the symptoms produced by 
the extraction from the urine. 

With regard to the manner of using “ life teds,” since in most cases 
extremely small quantities of the active principle will have to be identi. 
tied, the choice is limited to small artimals, and it is better to use mice or 
birds, rather than reptiles. In the Lamsort case, subcutaneous injections 
were employed, but it is a question whether there is not less error in 
administering it by the mouth. If two healthy mice are taken, and the 
one fed with a little meal, to which a weighed quantity of the extract 
under experiment has been added, while to the other' some meal mixed 
with a supposed equal dose of aconitine is given, then the symptoms 
may be compared ; aud several objections to any operative proceeding 
on such small animals are obviated. It is certain that any extract which 
causes distinct numbness of the lips will contain enough of the poison to 
kill a small bird or a mouse, if administered in the ordinary way.* 


VI.— The Mydriatic Group of Alkaloids— Atropine— 
Hyoseyamine— Solanine— Cytisine. 

§ 438. The family of the Solanacecu contains sevm-al plants which 
yield certain alkaloids having very similar properties, the chief amongst 
which are the following : — 

Atropine, Hyoseyamine, Pseudohyoscyamine, Hycecine, all having 

* Dr, A. Langaard lias described aspeaes of aconite root, named by the Japanese 
Ktlsa-Asu. From his experiments on frogs and rabbits, its physiological action 
seems not to diifer from that of aconitine generally.— Udier cine Art Japcmisclu 
ATconil-knoUm, JCtisa-itsi \ genaimt, u. %bcr das in dmselbm mrkmumule Ahonitin. 
Virchom's Arckiv, B, lx six. p, 229, 1880. 
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the formula C l7 H 23 N0 3 ; Atropamine, C l7 H 21 N0 2 ; Belladonuine, 
C l7 H 21 N0 2 ; and Scopolamine, c 17 h ?1 no 4 . 

§ 439. Atropine (Daturine), C 17 H,, 3 N0 3 . — This important alkaloid 
has been found iu all parts of the Atropa belladonna, or deadly night 1 
shade, and in all the species of Datura. 

The Atropa belladonna is indigenous, and may be found in some parts 
of England, although it cannot he said to be very common. It belongs 
to the Solanacem, and is a herbaceous plant with broadly ovate entire 
leaves, and lurid purple axillary flowers on short stalks ; the berries are 
violet-black, and the whole of the plant is highly poisonous. The juice 
of the leaves stains paper a purple colour. The seeds arc very small, 
kidney. shaped, weighing about 90 to the grain; they are covered closely 
with small round projections, and are easily identified by an expert, who 
maybe supposed to have at hand (as is most essential) samples of different 
poisonous seeds for comparison. The nightshade owes its poisonous 
properties to atropine , 

The yield of the different parts of belladonna, according to 
Gunther,* is as follows : — 


TABLE SHOWING THE ALKALOIDAL CONTENT OF VARIOUS PARTS 
OF THE BELLADONNA PLANT. 



Quantity of Alkaloids iu the 
Fresh Substance, ixir cent. 

Quantity of Alkaloids iw the 
Dry Slihstiinee, per teat. 

(a) By 
Weighing. 

0)By 

Titration. 

(«) By 
Weighing. 

W By 

Titration. 

Leaves, .... 

0‘2022 

0 '20072 

0'838 

0'828 

Stalk, .... 

0'0422 


0-146 


Ripe fruit. 

0T128 

0 '20258 

0-821 

0'805 

Seed 

0' 26676 

, , , 

0-407 

... 

Unripe fruit, 

0‘ 1870 

0'1930 

0-955 

0'955 

Root, , 

O' 0792 


0-210 

... 


Atropine appears to exist in the plant in combination with malic 
acid, According to a research by Ladenbuvg, liyoscyamiue is associated 
with atropine, both in the Belladonna and Datura plants, t 

From a research by W. Scbiitte, J it appears that the younger roots 
of wild belladonna contain hyoscyamrne only, whilst the older roots 
contain atropine as well as hyoscyamine, but only iu small proportion ; 
the same was observed to be the case in the older cultivated roots. 

* Pliarin. Zcitschr, f. Russl. , Feb, 1869; Dragendorff, Vic chcmische Worth 
bestimmuny cmigcr'starlcwirkmden Droguen, St Petersburg, 1874, 

+ Her, dor deutsch, chem. Gcs., Bd. xiii, 

+ Arch. Pharm., ccxxix, 492-531 ; Joum. Chem. Poe. (abstract), February 
1892, 231. 
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The ripe berries of Atropa belladonna nigra and alba contain 
chiefly atropine, hyoscyamine and a little scopolamine ; seeds of Datura 
stramonium also contain atropine, hyoscyamine, and a little scopolamine. 

if 440. The Datura Stramonium or Thorn-apple is also indigenous 
in the British Islands, but, like belladonna, it cannot be considered a 
common plant. Datura belongs to the Solanacese it grows from 1 to 
2 feet in height, and is found in waste places. The leaves are smooth, 
the flowers white ; the fruit is densely spinous (hence the name thorn- 
apple), and is divided into four dissepiments below, two at the top, and 
containing many seeds. 

The Datura , or the Dhatura -plants, of India have in that country a 
great toxicological significance, the white-flowered datura, or Datura 
alba, growing plentifully in waste places, especially about Madras. 
The purple-coloured variety, or Datura fastuosa, is also common in 
certain parts. There is a third variety, the Datura atrox, found about 
the coast of Malabar. The seeds of the white datura have been mis- 
taken in India for those of capsicum. The following are some of the 
most marked differences : — 


Seeds or the Common or 
W in™ Datura. 

(1) Outline angular. 

(2) Attached to the placenta by 
a large, white, fleshy mass separat- 
ing easily, leaving a deep furrow 
along half the length of the seed’s 
concave border, 

(3) Surface scabrous, almost, 
reticulate, except on the two coin- 
pressed sides, where it has become 
almost glaucous from pressure of 
the neighbouring seeds, 

(4) Convex border thick and 
bulged with a longitudinal depres- 
sion between the bulgings, caused 
by the compression of the two sides. 

(5) A suitable section shows the 
embryo curved and twisted in the 
fleshy albumen. 

(G) The taste of the datura seeds 
is very feebly bitter. The watery 
decoction causes dilatation of the 
pupil, 


Seeds or Capsicum. 

Outline rounded. 

Attached to the placenta by a 
cord from a prominence on the 
concave border of the seed. 

Uniformly scabious, the sides 
being equally rough with the 
borders. 


Convex border thickened, but 
uniformly rounded. 

The embryo, exposed by a suit- 
able section, is seen to resemble in 
outline very closely the figure 6. 

The tasteofcapsicumispungent ; 
a decoction irritates the eye much, 
but does not cause dilatation of the 
pupil. 
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The identity of the active principle in both the datura and bella- 
donna tribes is now completely established.* 

§ 441. Pharmaceutical Preparations. — (a) Of the leaves. Extract 
of Belladonna. — This contains, according to Squire, t from 073 to 1 *7 
per cent, of total alkaloids. Belladonna Juice ( succus belladonnce ). — 
Strength in alkaloid about 0-05 per cent. Tincture of Belladonna . — 
Half the strength of the juice, and therefore yielding about 0'025 per 
cent, of alkaloid. 

(b) Belladonna Root. — Belladonna plaster contains 20 per cent, of 
alcoholic extract of belladonna. Alcoholic Extract of Belladonna. — This 
extract, according to Squire,* contains from 1'G to 4 -45 per cent, of 
alkaloid. Belladonna liniment is an alcoholic extract with the addition 
of camphor ; its strength is about equal to 0’2 per cent, of alkaloid. 
Belladonna ointment contains about 10 per cent, of the alcoholic extract. 

(c) The Alkaloid. — Atropine Discs ( lamellx atropinx ), — These are 
discs of gelatine, each weighing about grain, and containing for 
ophthalmic use - 6 -oW grain of atropine sulphate. Similar discs are 
made for hypodermic use, but stronger ; each containing -ply- grain. 
Solution of Atropine Sulphate. — Strength about 1 per cent. Atropine 
Ointment, — Strength about 1 in 60, or 1 '66 per cent, of atropine. 

(d) Stramonium. — An extract of the seeds is officinal in Britain ; 
the alkaloidal content is from 1'6 to 1 *8 per cent. There is also a 
tincture which contains alwut 0’06 per cent, of alkaloid. 

g 442. Properties of Atropine, C^H^NO,,. — Atropine, hyoscytnnine, 
and hyoscine have all the sauie formula, but differ in their molecular 
constitution, Atropine 011 hydrolysis, either by heating it with hydro- 
chloric acid or baryta water, is decomposed into trophic and inactive 
tropic acid : — 

C l7 H 23 N0 3 4 - H. 2 0 = C s H l5 NO + c ? h 10 o 3 

Atropine. Tropine. '^Sd' 0 


On the other hand, by heating tropic acid and tropine together, 
atropine is regenerated. 

Tropic acid crystallises in prisms which uiclt at 117°-118°. 
Dehydrating agents convert it into atropic acid (a-phenyl-acrylic 
acid), 


C u H 3 -C1I<^ 


CH.pH 

COOH 


C|>H 5 - c 


CH, 


✓ 

^COOH 


+ H,0 


Tropic acid, 


Atropic acid. 


* Seea research by Ernst Selimidt, “ Uebcr die Alkaloide dor Belladonna- Wurael 
u. dos Stechapfel-Sameiis,” Licb. Annl., Bd., ccviii. 1881. 
t Companion to the British Phanaacopccia, 1894. 
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Atropic acid is an isomer of cinnamic acid j it crystallises in tablets 
which melt at 106'5°. 

Tropine is a white crystalline strongly alkaline substance, melting 
at 63 , and boiling at 233°. It has no action on polarised light. It 
is soluble in water, alcohol, and ether, nnd gives precipitates with tannic 
acid, iodised hydriodic acid, Mayer’s reagent, gold chloride, and 
mercuric chloride. 

As a result of the researches of Ladenburg, Merling, and Willstatter, 
trophic has been found to contain the piperidine, pyrrolidine, and hepta* 
methylene nuclei imited thus: — 


H, 


H 

-C — 


H 

-C 




N^CHj >. 


OHOH 


H 


H.. 


Tropine. 

Thus the constitutional formate of atropiue (as well as hyoscyamine) 
may be represented as follows : — 


H 

-C- 


H 

-C 


\ 


CHoOH 


I1..0- 


<N-UH, NcH-O-CO-OH 

\ / ' 

— C C 


H 

Atropine. 


H, 


Atropine forms colourless crystals (mostly in groups or tufts of 
needles and prisms), which are heavier than water, and possess no 
smell, but an unpleasant, long-enduring, bitter taste. The experiments 
of TC. Schmidt place the melting-point between 115° and 115'5°. It is 
said ta sublime scantily in a crystalline form, hut we have been unable 
to obtain any crystals by sublimation ; faint mists collect on the upper 
disc, at about 123", hut they are perfectly amorphous. 

Its reaction, is alkaline; one part requires, of cold water, 300; of 
boiling, 58; of ether, 30 ; of benxene, 40 ; and of chloroform, 3 parts 
for solntion. In alcohol and amyl alcohol it dissolves in almost every 
proportion. 

§ 443, Tests, — Atropine mixed with nitric acid exhibits no change 
of colour, The same is the case with concentrated sulphuric ncid in 
the cold ; but on heating, there ensues the common browning, with 
development of a peculiar odour, likened by Gulielmo to orange flowers, 
by Dragcndorff to the flowers of the Primus nadvs, and by Otto to the 
Sjiinm ulmaria — a sufficient evidence of the untrustworthiness of this 



382 


POISONS : THEIR EFFECTS AND DETECTION, 


as a distinctive test. The odour, indeed, with small quantities, is 
certainly not powerful, nor is it strongly suggestive of any of the 
plants mentioned. A far more intense odour is given off if a speck of 
atropine is evaporated to dryness with a few drops of strong solution of 
baryta, and heated, strongly ; the scent is decidedly analogous to that 
of hawthormblossom, and unmistakably agreeable. 

By heating a small quantity of atropine, say 1 mgrm., with 2 
mgrms. of calomel and a very little water, the calomel blackens, and 
crystals may be obtained of a double salt; this reaction is, however, 
given also by hyoscyamine and homatropine. Mercuric potassium 
iodide solution, and mercuric bromide solution give amorphous pre* 
cipitatcs, which, after a time, become crystalline, and have character- 
istic forms. 

A solution of iodine in potassium iodide gives a precipitate with 
acidulated solutions of atropine in even a dilution of 1 : 10,000. 
Tannin precipitates, and the precipitate is soluble in excess of the 
reagent, If atropine be dissolved in dilute hydrochloric acid, and a 5 
per cent, of gold chloride solution be added, a precipitate of a gold 
compound (C l7 H, ;3 N 0 3 HC1 AuC 1 3 ) separates. The precipitate is hi the 
form of rosettes or needles; melting-point 137°. On boiling it with 
water, however, it melts into oily drops, and this peculiar behaviour 
distinguishes it from the analogous salt of hyoscyamine, which does 
not melt in boiling water. The percentage of gold left on a combustion 
of atropine gold chloride is 31‘35 per cent, 100 parts of the gold salt 
arc equal to 4fr2 of atropine, A platinum salt may also be obtained, 
fC,-.H„„NO..H( 'lY.PtOl .. containing 29’5 ner cent, of nlatinum. 
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instead of nitrate, gives an orange colour, which, on dilution with sodium 
hydroxide solution, changes to red, violet, or lilac ; (3) when heated 
with glacial acetic acid and sulphuric acid for a sufficient time, a 
greenish-yellow fluorescence is produced. — Fliickiger, Pliarn . Jovrn, 
Trans . (3), vol. xvi. p. 601—602. 

V re we n ( Zeit , f. Hussland, xxxvi, 723) distinguishes between 
hyoseyamine and atropine by obtaining a crystalline precipitate with 
Marmd’s reagent (10 grins. KI and 5 grms. Cdl, dissolved in 100 c.c. 
water). A drop of a solution weakly acidified with sulphuric acid of 
either alkaloid tested with a trace of Marine's reagent develops a 
crystalline precipitate. The form of the crystals of the hyoseyamine 
compound differs entirely from that of the atropine compound 

The two alkaloids, strychnine and atropine, are not likely to be 
often together in the human body, but that it may sometimes occur 
is shown by a case recorded by L, Fabris.* A patient in the hospital 
at Padua had for some time been treated with daily injections of 3 
mgrms. of strychnine nitrate ; unfortunately, one day, instead of the 

3 mgrms. of strychnine, the same quantity of atropine sulphate was 
injectod, and the patient died after a few hours, with symptoms of 
atropine poisoning. 

On chemical treatment of the viscera, a mixture of alkaloids was 
obtained which did not give either the reactions of strychnine or of 
atxopjinc, To test the possibility of these alkaloids obscuring each 
other’s reactions, mix hues of 3 per cent, solutions (the strength of the 
injections) of atropine sulphate and strychnine nitrate were mixed 
together, and strychnine tested for by the dichromate and sulphuric 
acid test, 

A mixture of equal parts gave the strychnine reaction very clearly, 
but the atropine reaction not at all ; 1 strychnine with 3 of atropine 
gave strychnine reaction, but not that of atropine ; 1 strychnine with 

4 atropine gave indistinct reactions for both alkaloids ; 1 of strychnine 
with 5 of atropine gave a momentary atropine reaction, the violet was, 
however, almost immediately replaced by a red colour. Vitali’s reaction 
was uot clearly shown until the mixture was in the proportion of 9 of 
atropine to 1 of strychnine, but mixtures in the proportion of 3 strycln 
nine and 1 atropine will give distinct mydriasis. 

In such a case, of course, the strychnine should be separated from the 
atropine; this can be effected by precipitating the strychniue as chromate, 
filtering and recovering from the filter the atropine by alkalising and 
shaking it out with ether. 

The atropine may he farther purified by converting it into oxalate, 
dissolving the oxalate in as small a quantity of alcohol as possible, and 
* Qazzctta , xxii., i. 347-350. 
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precipitating the oxalate out with ether ; the precipitate is collected, 
dissolved in as small a quantity of water as possible, the water made 
alkaline, and the base shaken out with ether. 

The most reliable test for atropine, or one of the mydriatic alkaloids, 
is its action on the iris ; a solution of atropine, even so weak as 
1 : 130,000, causing dilatation.* This action on the iris has been 
studied by Ruyter,f Donders, and von Graefe. 

The action is local, taking effect when in dilute solution only on the 
eye to which it has been applied ; and it has been produced on the eyes 
of frogs, not only in the living subject, but after the head has been 
severed from the body and deprived of brain. The thinner the cornea, 
the quicker the dilatation ; therefore the younger the person or animal, 
the more suitable for experiment. In frogs, with a solution of 4 : 250, 
dilatation commences in about five minutes ; in pigeons, seven minutes ; 
and in rabbits, ten minutes. In man, a solution of 1 : 120 commences 
to act in about six to seven minutes, reaches its highest point in from ten 
to fifteen minutes, and persists more or less for six to eight days. A 
solution of 1 : 480 acts first in fifteen to twenty minutes, and reaches its 
greatest point in twenty minutes; a solution of 1 : 48,000 requires from 
three-quarters of an hour to an hour to show its effect. Dogs and cats 
are far more sensible to its influence than man, and therefore more 
suitable for experiment. If the expert chooses, he may essay the proof 
upon himself, controlling the dilatation by Calabar bean ; but it is 
seldom necessary or advisable to make personal trials of this nature. :|: 

§ 444. Statistics of Atropine Poisoning — Since atropine is the active 
principle of belladonna and datura plants, and every portion of these — 
roots, seeds, leaves, and fruit— has caused toxic symptoms, poisouiiig by 
any partof these plants, or by their pharmaceutical or other preparations, 
may be considered with strict propriety as atropine poisoning. Our 
English death statistics for the ten years euding 1903 record 95 deaths 
(45 males and 50 females) from atropine (for the most part registered 
under the head of belladonna) ; 29 (or 35 per cent.) were suieidal, the 
rest accidental. 

The greatest number of the accidental cases arise from mistakes in 
pharmacy ; thus belladonna leaves have been supplied for ash leaves ; 
the extract of belladonna has been given instead of extract of juniper ; 

* Dc Actionc Afropcv Belladminic in IrUlcm, Traj . a(l, Rhen. , 1852, 

t Arch. OplUhal., ix, 262, 1864, 

+ A. Ladenbuig {Conqtl. Bond., xc. 92), having succeeded in reproducing atropine 
by heating tropine and tropic acid with hydrochloric acid, by substituting various 
organic acids for the tropic acid, has obtained a whole series of compounds to which 
he has give.n tho name of tropcincs. One of these, hydroxy toluol (amygdalic) 
tropeine, he has named Jwmaf.ropinc. It dilates the pupil, but is less poisonous 
than atropine. 
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the alkaloid itself has been dispensed in mistake for theine ;* a more 
curious and marvellously stupid mistake is one in which it was dispensed 
instead of asafmtida (Schauenstein, op. eft, p. 652). Further, valerian- 
ate of atropine has been accidentally substituted for quinine valerianate, 
and Schauenstein relates a case in which atropine sulphate was adminis- 
tered subcutaneously instead of morphine sulphate ; but the result was 
not lethal. Many other instances might he cited. The extended use of 
atropine as an external application to the eye naturally gives rise to a 
few direct and indirect accidents. Serious symptoms have arisen from 
the solution reaching the pharynx through the lachrymal duct and nose. 
A curious indirect poisoning, caused by the use of atropine as a colly- 
rium, is related by Schauenstein.! A person suffered from all the 
symptoms of atropine poisoning ; but the channel by which it had 
obtained access to the system was a great mystery, until it was traced 
to some coffee, and it was then found that the eoolc had strained this 
coffee through a certain piece of linen, which had been used months 
before, soaked in atropine solution, as a collyrium, aud had been cast 
aside as of no value. 

§ 445. Accidental and Criminal Poisoning by Atropine. — External 
applications of atropine are rapidly absorbed ; e.g., if the foot of a rat be 
steeped for a little while in a solution of the alkaloid, aud the eyes 
watched, dilatation of the pupils will soon be observed, If the skin is 
brokeu, enough may be absorbed to cause death. A case is on record 
in which '21 grm. of atropine sulphate, applied as an ointment to the 
abraded skin, was fatal,! Atropine has also been absorbed from the 
bowel ; in one case, a clyster containing the active principles of 5 - 2 grms. 
(80 grains) of belladonna root was administered to a woman 27 
years of age, and caused death. Allowing the root to have been 
carefully dried, and to contain '21 percent, of alkaloid, it would seem 
that so little as 10'9 mgrnis. ('16 grain) may even prove fatal, if left in 
contact with the intestinal mucous membrane. Belladonna berries and 
stramonium leaves and seeds are eaten occasionally by children. A 
remarkable series of poisonings by belladonna berries occurred in London 
during the autumn of 1846, 

Criminal poisoning by atropine in any form is of excessive rarity in 
Europe and America, but in India it has been frightfully prevalent. 
In all the Asiatic cases the substance used has been one of the various 
species of datura, and mostly the bruised or ground seeds, or a decoction 
of the seeds. In 120 cases recorded in papers and works on Indian 
toxicology, uo less than 63 pci' cent, of the cases were criminal, 19 per 
cent, suicidal, and 18 per cent accidental, In noting these figures, 

* Hold, De EJfectu Atropini. Hiss, Halle, 1863, 

t Masclilca’s Hanillmeh. t Floss, Zeitschr. f. Cldr., 1863, 

25 
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however, it must be borne in mind that known criminal cases .are more 
certain to be recorded than any other cases. The drug has been known 
under the Sanscrit name of dhatoora by the Hindoos from most remote 
times. It was largely used by the Thugs, either for the purpose of 
stupefying their victim or for killing him ; by loose wives to ensure for 
a time the fatuity of their husbands ; and, lastly, it seems in Tudian 
history to have played the peculiar rule of a state agent, and to have 
been used to induce the idiocy or iusanity of persons of high rauk, 
whose mental integrity was considered dangerous by the despot in power. 
The Hindoos, by centuries of practice, have attained such dexterity in 
the use of the '‘datura ” as to raise that hind of poisoning to an art, so 
that I)r. Gievers, in his Medical Jurisprudence for India,* declares 
that “there appears to be no drug known in the present day which 
represents in its effects so close an approach to the system of slow 
poisoning, believed fey mauy to have been practised in the Middle Ages, 
as does the datura.” 

§ 446. Fatal Dose, — It is impossible to state with precision the 
exact quantity which may cause death, atropine being one of those 
substances whose effect, varying in different cases, seems to depend on 
special constitutional tendencies or idiosyncrasies of the individual. 
Some persons take a comparatively large amount with impunity, while 
others scarcely bear a very moderate dose without exhibiting nupluasant 
symptoms. Eight mgrms. (£ grain) have been knowu to produce 
poisonous symptoms, and ‘129 grm. (2 grains) death. We may, there 
fore, infer that about ‘0648 grm. (1 grain) would, unchecked by 
remedies, probably act fatally ; but very large doses have bceu recovered 
from, especially when treatment has been prompt. 

Atropine is used in veterinary practice, from 32 '4 to 64 '8 mgrms. 

to 1 grain) and more being administered subcutaneously to horses ; 
but the extent to which this may he done with safety is not yet 
established. 

§ 447, Action on Animals, — The action of atropine has been 
studied on certain beetles, on amphibia (such as the salamander, triton, 
frogs, and others), on guinea-pigs, hedgehogs, rats, rabbits, fowls, 
pigeons, dogs, and cats. Among the mammalia there is no esscutiul 
difference in the symptoms, but great variation in the relative sensi- 
bility | man seems the most sensitive of all, next to man come the 
carnivora, while the herbivora, and especially the rodents, offer a 
considerable resistance. According to Falck the lethal dose for a rabbit 
is at least '79 mgrm, per kilo, It is the general opinion that rabbits 
may eat sufficient of the belladonna plant to render their flesh poisonous, 
and yet the animals themselves may show no disturbance in health ; but 

* Dr, Chever’s work contains a very good history of datura criminal'}ioisoning. 
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this must not be considered adequately established. Speaking very 
generally, the higher the animal organisation the greater the sensibility 
to atropine. Frogt are affected in a peculiar manner. According to 
the researches of Fraser,'*' the animal is first paralysed, and some hours 
after the administration of the poison lies motionless, the only signs of 
life being the existence of a slight movement of the heart and muscular 
irritability. After a period of from forty-eight to seventy-two hours, 
the fore limbs are seized with tetanic spasms, which develop into a 
strychnine-like tetanus. 

§ 448. Action on Man. — When atropine is injected subcutaneously, 
the symptoms, as is usually the case with drugs administered in this 
manner, may come on immediately, the pupil not unfrequently dilating 
almost before the injection is finished. This is in no way surprising ; 
but there are instances in which decoctious of datura seeds have been 
administered by the stomach, and the commencement of symptoms has 
been as rapid as in poisouing by oxalic or even prussic acid. In a case 
tried in India in July 1852, the prosecutor declared that, while a person 
was handing him a lota of water, the prisoner snatched it away on pre- 
tence of freeing the water from dirt or straws, and then gave it to him. 
He then drank only two mouthfuls, and, complaining of the hitter taste, 
fell down insensible within forty yards of the spot where he had drunk, 
and did not recover his senses until the third day after. In another 
case, a man was struck down so suddenly that his feet were scalded by 
some hot water which he was carrying, — Chevers. 

When the seeds, leaves, or fruit of atropine-holding plants are eaten, 
there is, however, a very appreciable period before the symptoms com- 
mence, and, as in the case of opium poisoning, no very definite rule can 
be laid down, but usually the effects are experienced within half an hour. 
The first sensation is dryness of the month and throat ; this continues 
increasing, and may rise to such a degree that the swallowing of liquids 
is an impossibility. Hie difficulty in swallowing does not seem to be 
entirely dependent on the dry state of the throat, hut is also due to a 
spasmodic contraction of the pharyngeal muscles, Tissorc t found in 
one case such constriction that he could only introduce emetics by pass- 
ing a catheter of small diameter. The mucous membrane is reddened, 
and the voice hoarse.] The inability to swallow, and the changed voice, 

* Transact, of Edin, Itoy, Soc.,\ ol. xxv. p, 449. Jouru. of Anat, and Physiol,, 
May 1869, ji. 357. 

t Oaz, locbd,, 1856, 

+ A friend of the senior author's was given, by a mistake hi dispensing, 16 miuims 
of a solution of atropine sulphate, equivalent to } graiu of atropine (or 9‘3 mgrms. ). 
Ten minutes after taking the (lose there was dilatation of the pupil, indistinctness of 
vision, with great dryness of the throat and difficulty iu swallowing ; he attempted to 
eat a biscuit, but, after chewing it, lie was obliged to spit it out, as it was not 
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bear some little resemblance to hydrophobia — a resemblance heightened 
to the popular mind by an. inclination to bite, which seems to have been 
occasionally observed ; the pupils are early dilated, and the dilatation 
may be marked and extreme ; the vision is deranged, letters and figures 
often appear duplicated ; the eyeballs arc occasionally remarkably 
promineut, and generally congested ; the skin is dry, even very small 
quantities of atropine arresting the cutaneous secretion ; hi this respect 
atropine and pilocarpiue are perfect examples of antagonism. With the 
dryness of skin, in a large percentage of cases, occurs a scarlet rash over 
most of tlie body. This is generally the case after large doses, lint 
Shadier saw the rash produced on a child 3 months old by '3 mgrm. of 
atropine sulphate. It appeared three minutes after tbe dose, lasted 
five hours, and was reiiroduced by a renewed dose.* Tlie temperature 
of the body with large doses is raised ; with small, somewhat lowered. 
The pulse is increased in frequency, and is always above 100 — mostly 
from 115 to 121), or even 150, in the minute. The breathing is at first 
a little slowed, and then very rapid. Vomiting is not common ; the 
sphincters may be paralysed so that the evacuations are involuntary, 
and there may be also spstsmodic contractions of the urinary bladder. 
The nervous system is profoundly affected ; in one case there were clonic 
spasms, f in another J such muscular rigidity that the patient could with 
difficulty be placed on a chair. The lower extremities are often partly 
paralysed, there is a want of co-ordination, the person reels like a 
drunken man, or there may be general jactitation. The disturbance of 
the brain functions is very marked ; ill about 4 per cent, only of the 
recorded cases there has been no delirium, or very little — iu the majority 
delirium is present. In adults this generally takes a garrulous, pleasiug 
form, but every variety has been witnessed. Dr, H, Girand describes 
the delirium from datura (which it may be necessary to again repeat is 
atropine delirium) as follows : — “ He either vociferates loudly or is 
garrulous, and talks incoherently ; sometimes he is mirthful, and laughs 
wildly, or is sad and moans, as if in great distress ; generally lie is 
observed to be very timid, and, when most troublesome and unruly, can 
always be cowed by an angry word, frequently putting up his hands in 
a supplicating posture. When approached he suddenly shrinks back as 
if apprehensive of being stnick, and frequently he moves about ns if to 
avoid spectra, But the most invariable accompaniment of the final 

possible to swallow; the throat was excessively sore, and there was a desire to pass 
urine, but only a few drops could be voided, Iu forty' five minutes he was unable to 
stand or walk. There was a bright rash on the oliest. In two hours lie became 
insensible, and was taken to the Middlesex Hospital, recovering under treatment in 
about eight hours. 

* Med . Times, 1868. 

+ Ibid., 1876, vol. i, p. 346, 


t Lama., 1881, vol. i. p, 414, 
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stage of delirium, and frequently also that of sopor, is in the incessant 
picking at real or imaginary objects. At one time the patient seizes 
hold of parts of his clothes or bedding, pulls at his fingers and toes, 
takes up dirt and stones from the ground, or as often snatches at 
imaginary objects in the air, on his body, or anything near him. Very 
frequently he appears as if amusing himself by drawing out imaginary 
threads from the ends of his fingers, and occasionally his antics are so 
varied aud ridiculous, that I have seen his near relatives, although 
apprehensive of danger, unable to restrain their laughter.” * This 
active delirium passes into a somnolent state with mutteriug, catching 
at the bedclothes, or at floating spectra, and in fatal cases the patient 
dies in this stage. As a rule, the sleep is not like opium coma ; there 
is complete insensibility in both, but in the one the sleep is deep, 
without muttering, in the other, from atropine, it is more like the 
stupor of a fever. Tire course in fatal oases is rapid, death generally 
taking place within six hours. If a person live over seven or eight 
hours, he usually recovers, however serious the symptoms may appear. 
On waking, the patient remembers nothing of his illuess ; mydriasis 
remains some time, and there may be abnormality of speech and weak- 
ness of the limbs, but within four days health is re-established. In 
cases where the seeds have been swallowed, the symptoms may be much 
prolonged, and they seem to continue uutil all the seeds have been 
voided — perhaps this is due to the imperfect but continuous extraction 
of atropine by the intestinal juices. 

Chronic poisoning by atropine may, from what has been stated, be of 
great importance in India. It is probable that its coutinuous effect 
would tend to weaken the intellect, and there is no reason for any 
incredulity with regard to its power as a factor of insanity. Itossbach 
has ascertained that if dogs are, day after day, dosed with atropine, they 
become emaciated ; but a certain tolerance is established, and the dose 
has to be raised considerably after a time to produce any marked 
physiological effect, 

§ 449. Physiological Action of Atropine, — Atropine as well as 
muscarine exercises a profound influence on the nervous apparatus of the 
heart ; the innervation effected may be clearly appreciated by referring 
to the accompanying figure, which is a representation of Schmiedeberg’s 
diagrammatic “ schema.” F is the heart muscle ; M the vaso-motor 
centre ; H the brake or skid centre (Hemmungszentrum) ; B, the 
accelerating centre ; V the inhibitory nerve (vagus) ; A the accelerating 
nerve (sympathetic) ; Z the connection between H and the “ skid ” 

* In an English case of belladouua poisoning, the patient, a tailor, sat for four 
hours, moving liis hands anil arms as if sowing, and his lips as if talking, but with, 
out uttering a word, 
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muscular fibres; H is also connected with B, M, A, and V, but not 
directly with the muscular fibres. 

Atropine paralyses the end apparatus of H, hence tlie heart beats are 
quickened ; if in an animal poisoned by atropine, electrical excitement of 

the vagus is tried, the heart’s action 
is no longer slowed as would be the 
case iu the uonnal animal. Atropine 
paralyses H, but leaves M intact. 

Atropiue given to dogs for several 
days, first in small doses, 3 mgrms. 
per kilo., then increasing up to 110 
mgrms., causes pathological changes 
in the nervous ganglion cells of the 
heart, the protoplasm darkens, the 
nucleus is not so sharp in contour, 
and the chromatin disappears more 
or less — these changes have not been 
observed in single fatal doses. 

§ 450. Diagnosis, — The diagnosis of atropine poisoniug may be very 
difficult unless the attention of the medical man be excited by some 
suspicious circumstance. A child suffering from belladonna rash, with 
hot dry skin, quick pulse, and reddened fauces, looks not unlike one 
under an attack of scarlet fever. Further, as before mentioned, some 
cases are similar to rabies ; and again, the garrulous delirium and the 
hallucinations of an adult are often very similar to those of delirium 
tremens , as well as to mania. 

§451. Postmortem Appearances. — 'The post-mortem appearances 
do not seem to be characteristic, save in the fact that the pupils remain 
dilated. The brain is usually hypewemic, and hi one case the absence 
of moisture seems to have been remarkable. The stomach and intes- 
tines may be somewhat irritated if the seeds, leaves, or other parts of 
the plant have been eaten ; but the irritation is not constant if the 
poisoning has been by pure atropine, and still less is it likely to be 
present if atropine has been administered subcutaneously. 

§ 452, Treatment. — The great majority of cases recover under 
treatment. In 112 cases collected by F. A. Falck, 13 only were fatal 
(IT6 percent,). The greater portion of the deaths in India are those 
of children and old people — persons of feeble vitality. The Asiatic 
treatment, which lias been handed down by tradition, is the application 
of cold water to the feet ; but the method which has found most favour 
in England is treatment by pilocarpine, a fifth of a graiu or more being 
injected from time to time. Pilocarpine shows as perfect antagonism 
as possible ; atropine dries, pilocarpine moistens the skin ; atropine 
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accelerates, pilocarpine slows the respiration. Dr. Sydney Ringer and 
others have published a remarkable series of cases showing the efficacy 
of this treatment, which, of course, is to be combined where necessary 
with emetics, the use of the stomach-pump, etc.* * * § 

§ 453. Separation of Atropine from Organic Tissues, etc. — From 
the contents of the stomach, atropine may be separated by acidulating 
strongly with sulphuric acid (15 to 20 c.c. of dilute H.,S0 4 to 100 c.c.), 
digesting for some time at a temperature not exceeding 70°, and then re- 
ducing any solid matter to a pulp by friction, and filtering, which can 
generally be effected by the aid of a filter-pump. The liver, muscles,! 
and coagulated blood, etc., may also be treated in a precisely similar way. 
The acid liquid thus obtained, is first, to remove impurities, shaken up 
with amyl alcohol, and after the separation of the latter in the usual 
manner, it is agitated with chloroform, which will take up any of the re- 
maining amyl alcohol,! and also serve to purify further. The chloroform 
is then removed by a pipette (or the separating flask before described), 
and the fluid made alkaline, and shaken up with ether, which, on re- 
moval, is allowed to evaporate spontaneously. The residue will contain 
atropine, and this may be farther purified by converting it into oxalate, 
as suggested, page 383. 

From the urine, § atropine may be extracted by acidifying with 
sulphuric acid, axidagitation with the same series of solvents. Atropine 
has been separated from putrid matters long after death, nor does it 
appear to suffer any decomposition by the ordinary analytical operations 
of evaporating solutions to dryness at 100°. In other words, there 
seems to be no necessity for operations in vacuo, in attempts at separat- 
ing atropine. 

2. HYOSCYAMINR. 

§ 454, This powerful alkaloid is contained in small quantities in 
datura and belladonna, and also is found in tire common lettuce ('001 
per' cent,), [[ and in S&opola carmolica, a solanaceous plant indigenous to 
Austria and Hungary H ; but its chief source is the Hyosajamus uiger 

* See, for Dr, Ringer’s cases, Lancet, 1876, vol, i p. 346. Refer also to Brit, 
Mctl, Joum., 1881, vol, i. p. 594 ; ib., p, 659. 

•1 Neither amyl alcohol nor chloroform removes atropine from an acid solution. 

+ Atropine goes into the blood, and appears to be present in the different organs 
in direct proportion to the quantity of blood they contain, Dragpndorif lias found 
in the muscles of rabbits fed upon belladonna sufficient atropine for quantitative esti- 
mation, 

§ Drageudol'lf liasfouudatropine in the uiine of rabbits fed with belladonna ; the 
separation by the poison is so rapid that it often can only be recognised in die urine 
during the first hour after the poison has been taken. 

|| T. S, Dymond, Joum, Chcm. Soc,, Trans., 1892, 90. 

II W. R, Dunstanand A. E. Cliaston, Phnrm. Joum. Trans, (3), xr. 461-464. 
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and Hyosoyamus albus (black and white henbane); it is also found in the 
Duboisia myoporoides. Duns tan and Brown* have found that Hyoscy- 
amus ’/uuticus ooutains only hyoscyamine, and that the plant grown in 
Egypt is much richer in the alkaloid than is the European variety ; 
further, they find that the Dafotra stramonium grown in Egypt also 
contains only hyoscyamine, and is not accompanied by other alkaloids. 
The following table gives the percentage of alkaloid (hyoscyamiue) found 
by them in various plants. 


l’ERCENTAGE Ok TOTAL ALKALOID. 



Hoots. 

Leaves. 

Seeds , 

Stem. 

Entire 

Plant. 

Atropa, belladonna 
Datum Stramonium 
Hyoscyamas nigcr 
(biennial) 
(annual) . 

Hyosiyamua muticus 

O'21-OAl 

0'15 

O'l&iiw 

9-30-0 ‘90 
0'49 

0-089- 069 
0OS4-0-07 

0T6-0-37 

... 

0-46 

0‘ 03 ! 

... 


Hyoscyamine (C^H^NO.,), as separated in the course of analysis, 
is a resinoid, sticky, amorphous mass, difficult to dry, and possessing a 
tobacco-like odour. It can, however, he obtained in well-marked odour- 
less crystals, which melt at 108°-109°, a portion subliming unchanged. 
It liquefies under boiling water without crystallisation, According to 
Thorey,f hyoscyamine crystallises out of chloroform in rhombic tables, 
and out of benzene in fine needles j but out of ether or axuyl alcohol it 
remains amorphous. When perfectly pure, it dissolves with difficulty 
in cold, hut more readily in hot, water ; if impure, it is hygroscopic, and 
its solubility is much increased. In any case, it dissolves easily in 
alcohol, ether, chloroform, amyl alcohol, benzene, and dilute acids. 
Hyoscyamine neutralises acids fully, and forms crystalli sable salts, which 
assume for the most part blie form of needles, It is isomeric with 
atropine, and is converted into atropine by heating to 1 10 withcxrt air, 
or by allowing to stand in weak alkaline solution. It is the lsevo-rotatory 
modification of atropine. Dehydrating agents convert it into belladonnine 
(atiopamine), C l7 H 22 N0 2 . Hyoscyamine saponified with hot water gives 
laevo -tropic acid andtropine, but if saponified by acids or alkalies this 
lsevo-tropic acid is converted into the racemic or inactive form. The 
gold salt melts at 159°, and does not melt in boiling water like the 
atropine gold salt. 

§455. Pharmaceutical and other Preparations of Henbane — The 

* JoTtri i. Own. Soc* t 1899, T. 72; 1901, T. 79. 

-]• J T 7iarm . Zdtschr, f. Russia 1869. 
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leaves are alone officinal in the European pharmacopoeias ; but the seeds 
and the root, or the flowers, may be met with occasionally, especially 
among herbalists. The table * (p. 392) will give an idea of the alkaloidal 
content of the different parts of the plant. 

In order to ascertain the percentage of the alkaloid in any part of 
the plant, the process followed by Thorey has the merit of simplicity. 
The substance is first exhausted by petroleum ether, which frees it from 
fat ; after drying, it is extracted with 85 per cent, alcohol at a tempera- 
ture not exceeding 40°. The alcoholic extracts are then united, the 
alcohol distilled off, and the residue filtered. The filtrate is now first 
purified by agitation with petroleum ether, then saturated by ammonia, 
and shaken up with chloroform. The latter, on evaporation, leaves the 
alkaloid only slightly impure, and, after washing with distilled water, 
if dissolvod in dilute sulphnric acid, a crystalline sulphate may bo 
readily obtained. 

A tincture and an extract of henbane leaves and flowering tops 
are officinal in most pharmacopoeias ; an extract of the seeds in that of 
France. 

An oil of hyoscyamus is officinal in all the Continental pharma- 
copoeias, but not in the British. 

Henbane juice is recognised by the British pharmacopoeia ; it is 
about the same strength as the tincture, 

An ointment, made of one part of the extract to nine of simple 
ointmeut, Is officinal in the German pharmacopoeia. 

The tincture (after distilling off the spirit) and the extracts (on 
proper solution) may be conveniently titrated by Mayer’s reageut (p. 264), 
which, for this purpose, should be diluted one-half ; each c.c. then, 
according to Dragendorff, equalling 6'98 mgrms. of hyoscyamine. Kruse 
fouud 0'042 percent, of hyoscyamine in a Russian tincture, and 0'28 
per cent, in a Russian extract. Any preparation made with extract of 
henbane will be found to contain nitrate of potash, for Attfield has shown 
the extract to be rich in this substance. Hie ointmeut will require ex- 
traction of the fat by.petioleum ether ; this accomplished, the determina- 
tion of its strength is easy. 

The oil of hyoscyamus is poisonous, and contains the alkaloid. An 
exact quantitative research is difficult ; but if 20 grms. of the oil are 
shaken up for some time with water acidified by sulphuric acid, the 
fluid separated from the oil, made alkaline, shaken up with chloroform, 
and the latter removed and evaporated, sufficient will be obtained to 
test successfully for the presence of the alkaloid, by its action on the 
pupil of the eye. 

* This table, taken from Dragendorff’s Chemische W erthbestimmung einiger stark ■ 
■wirkenden Droguen, embodies the researches of Thorey. 
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§ 4 56. Dose and Effects, — The dose of the unevystalline hyoscyamine 
is 6 mgrms. (-^ grain). The senior author has seen it extensively 
used in asylums to calm violent or troublesome maniacs. Thirty-two 
mgrms. (£ grain) begin to act within a quarter of an hour; the face 
Hushes, the pupils dilate, tha'e is no excitement, all muscular motion 
is eufcebled, and the patient remains quiet for many hours, the effects 
from a single dose not uncommonly lasting two days, 64-8 mgrms. 
(1 grain) would be a very large, and possibly fatal, dose. The absence 
of delirium or excitement, with full doses of hyoscyamine, is a striking 
contrast to the action of atropine, in every other respect so closely 
allied ; yet there are cases on record showing that the henbane root 
itself has an action similar to that of belladouna, unless indeed one root 
has been mistaken for another; e.g., Sonnenschein relates the following 
ancient ease of poisoning : — In a certain cloister the monks ate by error 
the root of henbane. In the night they were all taken with hallucina- 
tions, so that the pious convent was like a madhouse. One monk sounded 
at midnight the mat ins, some who thereupon came into chapel could not 
read, others read what was not in the book, others sang drinking songs — 
in short, there was the greatest disturbance. 

§ 457. Separation of Hyoscyamine from Organic Matters. — The 
isolation of the alkaloid from organic tissues or fluids, in cases where a 
medicinal preparation of henbane, or of the leaves, root, etc., has been 
taken, is possible, and should be carried out cm the principles already 
detailed. Hyoscyamine is mainly identiiied by its power of dilating the 
pupil of the eye. It is said that so small a quantity as '0083 aigrm. 
(i~#W grain) will in fifteen minutes dilate the eye of a rabbit. It is true 
that atropine also dilates the pupil; but if sufficient of the substance 
should have been isolated to apply other tests, it can be distinguished 
from atropine by the fact that the latter gives no immediate precipitate 
with platinic chloride, whilst hyoscyamine is precipitated by a small 
quautity of platinic chloride, and dissolved by a larger amount, by the 
characters of the gold salt, and by the different form of the crystals in 
the precipitate by Marmc’s reagent (see p. 251). 

3. SCOPOLAMINE. 

§458, Scopilamin/., C l7 H2iN0 4 . Amording to Schmidt,* and more lately to 
Merck, LailculiurgVf liyosciiie 0| T H a NO, does not exist, and is nothing tut impure 
scopolamine. Sci/polaluiuc crystallises with one molecule of water. It is soluble in 
alcohol, ether, chloroform, etc,, but not very soluble in water. Scopolamine has a 
meltiugqioiut of 59°, gives au aurochloride crystallising in needles, melting at 
212°-214°. 'flic hypobromidc has a specific rotation of -25° 41. Itis a tertiary base 


Aceh. J'harm., coxxx, 207-231, 


1- Jo-urn. Soc. Chein. Ind., xvi. 516. 
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containing an a'methyl group. Boiled witli baryta water it yields tropic acid and 
scopoline. 

C B H. a NO 4 + H,O-s>C a H l0 O ;) +C a II u NO, 

Scopolamine. Tropic acid scopoliue. 

Scopoliue forms an anrocliloride melting at 223°* 225°, and a platinochlorblo melting 
at 2’. , 8°-‘230°. By the action of alkalies and alkaline carbonates, scopolamine may be 
converted into an inactive crystalline derivative — isoscopolaminc, Oi 7 H. a N0 4 + H.jO ; 
m.p. 56°. 

By warming isoscopolamine to 54°-55° an anhydrous isoscopolaminc may be 
obtained, m.p. 82°-83°. Hesse* has found an inactive alkaloid in commercial 
scopolamine hydrobromide which lie called atroscinc, 0 l7 H 2 ,N 0 4 + 2111,0 ; m.p. 37°-38°. 
Wolll'enstein proposes to call these different derivatives i. scopolamine, uscopolamine 
monokydrate and diliydrate. Thus we have 
Scopolamine, C 17 H 71 N0 4 + H 2 0, lsevorotatory ; m.p. 59°. 
i-scopolamine, C 17 H a N0 4 , inactive ; m.p. 82°-83°. 

i. scopolamine inonohydrate (or isoseopolamiue), C 17 Il. n N0 4 + H 2 0, inactive; m.p. 56°. 
i.scopolamine diliydrate (or atrosciue), C 17 H 71 N0 4 + 211.(0, iimctivc ; m.p. 37°-38°. 

According to experiments 011 animals, the heart is first slowed, thou quickened ; 
the first effect being due to a stimulation of the inhibitory nervous apparatus, the 
second to a paralysing action on the same. The temperature is not altered. The 
pupils are dilated, the saliva diminished. The irritability of the laiiiu is lcsseued.f 

§ 459. Pseudo -hyoseyanmte, C 17 H M N 0 3 , isolated by Merck* from JJuboisia 
myoporoidcs, crystallises from ether and chloroform in needles, melting at 133°-134°. 
T ne vo rotatory. Soluble in alcohol and chloroform. A little soluble in ether and water. 

Saponified with baryta water, it yields tro]iic acid and a base of the same formula 
as, but not identical with, tropiue. 

Not a very active poison, but causes dilation of the pupil. 

§ 460. Atropamiac , C^H^NO.^ occurs iu roots of belladonna, tuid may lie formed 
by dehydrating atropine or hyoscyainine with sulphuric acid, On heating it fomis 
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ammonia. Tlie product is re ‘Crystallised from aleoliol ; these observers give the 
formula as G J2 H 97 0 18 N', and state that on hydrolysis with 2 percent, sulphuric acid 
crotomaldehyde, dextrose and solauidine are formed according to the reaction — 

2C 59 H, j7 0]jN-5>3C s H 12 0 6 + 2C 4 HC (i O +2C 39 H C1 0 J N + 22H 2 0. 

This research is criticised by Shuon Zeiselaud J. Wittman {Bc>\, 1903), who state 
that only methylfoi'maldehyde is formed in small quantity, that the sugar produced 
contains a large proportion of rhanmoseas well as some other carbohydrate, but that 
from the mixture of sugars no crystalline dextrose cart be obtained. 

§ 462. Properties of Solanine, — The reaction of the crystals Is woakly alhaliire ; 
tile taste is somewhat bitter and pungent Solanine is soluble in 8000 parts of 
boiling water, 4000 parts of ether, 500 parts of cold, and 125 of boiling aleolrol. 
It dissolves well in hot amyl alcohol, but is scarcely soluble in benzene. An 
aqueous solution froths ou shaking, but uot to the degree possessed by saponine 
solutions. 

Tire amyl alcohol solution has the property of gelatinising when cold. It does 
this if even so little as 1 part of solaniue is dissolved in 2000 of hot amyl alcohol. 
The jelly is so firm that the vessel may be inverted without any loss. This 
peculiar property is one of the most important tests for tire presence of solaniue. 
The hot cthy lie alcohol solution will, 011 cooling, also gelatinise, butastronger solution 
is required. From very dilute alcoholic solutions (and especially with slow cooling) 
solauiue may be obtained in crystals. In rlihrtc mineral acids solanine dissolves 
freely, and forms salts, which for the most part have an acid reaction and are soluble 
in alcohol and iir water, but with difficulty in ether. Tlie compounds with the 
acids are not very stable, and several of them are broken rtp on wanning the solution, 
solaniue separating out from the aqueous solutions of the solanine salts. The 
alkaloid may he precipitated by the fixed and volatile alkalies, and by the alkaline 
earths, Solaniue will stand boiling with strongly alkaline solutions without dccorm 
position ; but dilute acids, ou wanning, hydrolyse, lty heatiug solanine in alcoliolie 
solution with ethyliodide in closed tubes, and then treating the liquid with ammonia, 
ethyl solanine in well ‘formed crystals can be obtained. Solaniue is precipitated by 
phasphiimolyhdic acid, hilt by very few other substances. It gives, for example, no 
precipitate with the following reagents 1 — Tlatiuic chloride, gold chloride, mercuric 
chloride, potassie bichromate, and iiicrie acid. Tannin precipitates it only after a 
time. Sodic phosphate givos a crystalline precipitate of solanine phosphate, if 
added to a solution nf solanine sulphate. Both solaniue and solauidine give with 
nitric acid at first a colourless solution, which, on gentle warming, passes into bine, 
thmi into light red, and lastly becomes weakly yullow, Solaniue, dissolved in strong 
sulphuric acid, to wliicli a little IrVolide’s reagent is added, at first colours the fluid 
light brown ; after standing some time the edges of the drop become reddish-yellow, 
aiul finally the whole a beautiful dierry'red, which gradually passes into dark violet 
whou violet ‘Coloured flocks separate. 

§ 463, Solauidine. — Solauidine has stronger basic properties than solanine. Its 
formula is C :u f I, ;1 NO.,. It is obtained from an alcoholic solution in amorphous 
musses mtoi'sifcrucd with nceillfcs ; m.p. 191°. It dissolves readily in hot alcohol, 
with difficulty in ether. "With hydrodiloric acid it forms a hydrochloride — 
3(0,15,1 [ M NO J1C1) 11 Cl -t- IT.,0 or 1U1 2 0. This hydrochloride is a slightly yellow 
powder, only sparingly soluble in water, and carbonising without melting when 
heated to 28?°. Sohudiliuc also forms a sulphate, 3(C, 1!) H 0l N'O. J H. 2 SOj)H5SO 4 + 8H 2 0 ; 
this salt is in the form of scaly plates, melting at 247° ; it dissolves readily 
in water, 

The sugar obtained from the hydrolysis of solauidine is a yellow amorphous 
mass dissolving readily in water and wood spirit, and has a specific rotatory power 
of [o]d - +28-623. With plicuy lhydnaiue hydrochloride aud sodium acetate in 
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aqueous solution it forms a glucosazone, melting at 199“. It is proliably a mixture 
of sugars. 

Solaneiue is the name that has been given to an amorphous substance accom- 
panying solanine ; according ^0 Hilger and Merkeus (2?cr., 1903) it is solanine 
minus 5HjO. 

§464. Poisoning from Solanine. — Poisoning from solanine has been, in all 
recorded eases, induced, not by the pure alkaloid (which is scarcely met with out of 
the laboratory of the scientific chemist), but by the berries of the different species of 
solatium,, and has for the most part been confined to children. The symptoms in 
about twenty cases,* which may be found detailed in medical literature, have 
varied so greatly that the most opposite pheuomena have been witnessed as 
effects of poisoning by the same substance. The most constant phenomena 
are a quick pulse, laboured respiration, great restlessness, and hyperesthesia 
of the skin. Albumen in the mine is common. Nervous symptoms, sncli as 
convulsions, apliasia, delirium, and ever catalepsy, have bear witnessed. Iu some 
cases there have been the symptoms of irritant poison — diarrhcea, vomiting, 
and pain in the bowels; iu many cases dilatation of the pnpii lias been observed. 

Babbits are killed by doses of O'l gnu. per kilo. The symptoms commence in 
about ten minutes after the administration, and consist of apathy and a low tem- 
perature j the breathing is much slowed. Convulsions set iu suddenly before death, 
and the pupils become dilated. The post-mortem appearances iu animals are iutense 
redness and injection of the meninges of the cerebellum, of the medulla oblongata, 
and the spinal cord. Dark red blood is found in the heart, and the kidneys are 
hyperemic. The intestinal mucous membrane is normal. 

§ 465. Separation of Solanine from the Tissues of the Body. -Dragendorll' has 
proved the possibility of separating solanine from animal tissues by extracting it from 
a poisoned pig. The best plan seems to be to extract with cold dilute sulphuric acid 
water, which is theu made alkaline by ammonia, and shaken up with warm amyl 
alcohol, This readily dissolves any solanine. The peculiar property possessed by 
the alkaloid of gelatinising, and the play of colours with Fruhde’s reagent, may then 
be essayed on the solanine thus separated, 

5. CYTISINE. 

§ 466. The Cytisus Laburnum. — The laburnum tree, Cytisus 
laburnum , so common In shrubberies, is intensely poisonous. The 
flowers, bark, wood, seeds, and the root have all caused serious 
symptoms. The active principle is an alkaloid, to which the name of 
Cytisine has been given. Cytisine has also been found in many plants 
belonging to the Leguminosex, such as Ulex europceus, Sophora tomentosa 
and speciosa, Baptisia tinctoria, etc. The best source is the seeds of 
laburnum. The seeds are powdered and extracted with alcohol con- 
taining hydrochloric acid, the alcohol distilled off, the residue treated 
with water and filtered through a wet filter to remove any fatty oil, 
the filtrate treated with lead acetate; and, after separating the pre- 

* See "Death of Three Children by S. nigrum” ; Hirtz., Gaz. Mid . de Stras~ 
bourg, 1842; Maury, Gaz. des E8p., 1864; J. B, Montane, Chim. Med., 1862; 
Magne, Gaz. des H6p., 1869 ; Manners, Edin, Med. Joum., 1867. Cases of poison- 
ing by bittersweet berries are recorded in Lancet , 1856; C. Bourdin, Gaz. des 
HCpitaux , 1864 ; Bonmeville, the berries of S. tuberosum, Brit. Med. Journ., 1895. 
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cipitated colouring matter, made alkaline caustic, potash, and 

shaken with amyl alcohol. The amyl alcohol is- shaken 
hydrochloric acid, the solution evaporated, the crude crystals of 
hydrochloride thus obtained treated with alcohol to remove colouring 
matters, and recrystallised several times from water ; it then forms 
welbdeveloped, colourless, transparent prisms. From the hydrochloride 
the free base is readily obtained, 

Cytisine, C u H 14 N 2 0, — To cytisine used to he ascribed the formula 
C^H^NgO, but a study of the salt and new determinations appear to 
prove that it is identical with ulexine. Cytisine is in the form of white 
radiating crystals, consisting, when deposited from absolute alcohol, of 
anhydrous prisms, which melt at from 152° to 153°. Cytisine has a 
strong alkaline reaction ; it is soluble in water, alcohol, and chloroform, 
less so in benzene and amyl alcohol, almost insoluble in cold light 
petroleum, and insoluble in pure ether, The specific rotatory power in 
solution is [a] u 17°= - 119'57. 

It is capable of sublimation In a current of hydrogen at 154'5° ; the 
sublimate is in the form of very long needles and small leaflets ; at 
higher temperatures it melts to a yellow oily fluid, again becoming 
crystalline on cooling. Cytisine is a strong base; it precipitates the 
earths and oxides of the heavy metals from, solutions of the chlorides, 
and, even in the cold, expels ammonia from its combinations. 

Cytisine forms numerous crystalline salts, among which may be 
mentioned two platiuochlorides, C u H 14 N 2 OH 2 PtCl 6 + 2^H 2 0 and 
(C u H 14 N 2 0) 2 H 2 PtCl 5 , crystallising in golden yellow needles, which are 
tolerably soluble in water ; and the auroehloride, C n H 14 N 2 OHAuCl 4 , 
crystallising in short, red-brown, hook-shaped needles ; m.p. 212° to 213°, 
without evolution of gas 

Cytisine forms at ordinary temperatures a condensation product 
with formaldehyde, viz., methylene dicytisinc, CH 2 (C 11 H 13 ON 2 ) 2 . This 
may he crystallised from a solution in toluene; the m.p. of the crystals 
is 212° (Freund and Friedmann, Her., 1901). 

§ 467. Reactions of Cytisine. — Concentrated sulphuric acid dis- 
solves cytisine without colour; if to the solution is added a drop of 
nitric acid, it becomes orange-ycllow, and on addition of a crystal of 
potassic bichromate, first yellow, then dirty brown, and lastly green. 
Concentrated nitric acid dissolves the base in the cold without colour, 
but, on warming, it becomes orange -yellow. Picric, tannic, and 

phospliomolybdic acids, potassic, mercuric, and potass, cadmium iodides, 
and iodine with potassic iodide, all give precipitates, Neither potassic 
bichromate nor mercuric chloride precipitates cytisine, even though 
the solution he concentrated, The best single test appears to he the 
reaction discovered by Magelhacs ; this consists in adding thymol 
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to a solution of cytisine in concentrated sulphuric acid, when a 
yellow colour, finally passing into an intense red, is produced. The 
reaction with formalin (formaldehyde) uiay he useful for purposes 
of identification. 

§ 468. Effects on Animals. — W. Marmc found subcutaneous doses 
of from 30 to 40 mgrms. fatal to cats ; death was from paralysis of the 
respiration, and could be avoided by artificial respiration. Cattle are 
sometimes accidentally poisoned by laburnum. An instance of this is 
recorded in the Veterinarian (vol. lv. p. 92). In Lanark a storm had 
blown a Large laburnum tree down to the ground ; it fell into a field 
in which some young heifers were grazing, and they began to feed on 
the leaves and pods. Two or three died, and three more were ill for 
some time, but ultimately recovered. 

The laburnum, however, does not always have this effect, for there 
is a case related in the Gardeners’ Chronicle, in which live cows browsed 
for some time on the branches and pods of an old laburnum tree that 
had been thrown aside. Babbits and hares are said to feed eagerly, and 
without injury, on the pods and branches. 

§ 469. Effects on Man. — The sweet taste of many portions of 
the laburnum tree, as well as its attractive appearance, has been 
the cause of many accidents. F. A. Fnlck has been able to collect 
from medical literature no less than 155 cases — 120 of which 
were those of the accidental poisoning of children; only 4 (or 2'6 
per cent.), however, died, so that the poison is not of a very deadly 
character, 

One of the earliest recorded cases is by Ghristi.son.* A servant 
girl of Inverness, iu order to excite vomiting in her fellow-servant 
(the cook), boiled some laburnum bark in soup ; very soon after 
partaking of this soup, the cook experienced violent vomiting, which 
lasted for thirtysix hours; she had intense pain in the stomach, 
much diarrhoea, and great muscular weakness ; she appears to have 
suffered from gastrointestinal catarrh for some time, hut ultimately 
recovered. 

Yallance f has described the symptoms observed in the poisoning of 
fifty-eight boys, who ate the root of an old laburnum tree, being allured 
by its sweet taste. All were taken ill with similar symptoms, diilbring 
only in severity ; two who had eaten half an ounce (nearly 8 grms.) 
suffered with especial severity. The symptoms were first vomiting, then 
narcosis, with convulsive movements of the legs and strange movements 
of the arms ; the pupils were dilated. This dilatation of the pupil 
Sedgwick also saw in the poisoning of two children who ate tho root. 
On the other hand, when the flower, seeds, or other portions of the 
* Ed. Med. Journ., 1843. f ISrU. Mai. J<mrn,, 1875. 
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laburnum have been eaten, the symptoms are mainly referable to the 
gastrointestinal tract, consisting of acute pain in the stomach, vomiting, 
and diarrhoea. On these grounds it is therefore more than probable 
that there is another active principle in the root, differing from that 
which is in those portions of the tree exposed to the influence 
of sunlight.* 

The postmortem appearances are, so far as known, in no way 
characteristic. 


VII. — The Alkaloids of the Veratrams, 

§ 47 0. The alkaloids of the veratrams have been investigated 
by Dr. Alder Wright, Dr. A. P. Luff, Bozetti, Merck, and other 
chemists, f 

From the seeds of Vei-atrum sahadilla, Retz, a white amorphous 
powder has been isolated which constitutes the commercial alkaloid 
veratrine ; it contains at least three alkaloids, viz., Cevculine or crystalline 
veratrinc, C 32 H 4fl NO,j, Vemtriiline or amorphous veratrine, CjfHjjNOjjy 
and Sahadilline o.r cevadittine, C 34 H ;i3 NO s , as well as small quantities of 
Sahadine , C 26 H 61 NO S) and Sahadinine , CAN0 S . 

From V. album and V. viride a number of active principles have 
been isolatod 

The method which Wright and Luff adopted to extract and separate 
the alkaloids from the root of V. album and V. viride, essentially con- 
sisted in exhausting with alcohol, to which a little tartaric acid has 
been added, filtering, distilling off the alcohol, disci ving the residue in 
water, alkalising with caustic soda, and shaking up with ether, The 
ethereal solution was next separated, and then washed with water 
containing tartaric acid, so ns to obtain a solution of the bases as 
tartrates : in this way the same ether could be used over and over' again. 
Ultimately a rough separation was made by means of the different 
solubilities in ether, pseudo-jer vine being scarcely soluble in this medium, 
whilst jervine, v era trail) in e, veratrine, and cevndine are very soluble 
in it. 

The yield of Wright and Luffs alkaloids was as follows : — 

* See also a case related by Dr, Popkam, in which ten ckildreu ate laburnum 
woods ; the pupils were dilated. They nil recovered B.andF. Med. Ckir. Review, 
Aji 1863 ; also a case reported by H. Usher, Med. Times and Gazette, Sept 15, 
1862. 

f “The Alkaloids of the Veratrums," by C. R. Alder Wright, D.Sc., and A, P. 
Luff, Joum. Chem. Soc., July 1879 ; “ The Alkaloids of VenUrum viride ,” by C. 
R. Aider Wright, D.Sc.,ii., 1879. Bozetti, Arch. Plmrm,., cexxi. 81; Merck, ibid., 
ccxxix. 104, 

26 
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TABIJE SHOWING THE ALKALOIDS IN THE VERATEUMS. 



V. alhiOin. 

V. viride. 


Per Ktto. 

Per Kilo. 

.Tervine 

1 '3 grm. 

‘2 gnu. 

Paeiido'jervine, .... 

■4 „ 

'15 „ 

Eubi-, jervine, .... 

•25 „ 

•02 „ 

Veratralbine, .... 

2 2 „ 

Traces. 

Veratrine, 

'05 ,, 

Less tliau '004 grin. 

Cevadine 

Absent. 

„ '43 „ 


Prom whence it appears that V. album has only u very small quantity 
of veratrine, that it is almost absent in V, viritle ; on the other hand, 
V. viride contains a fair quantity of cevadiuc, an alkaloid absent in 
V, aJJncm. 

Besides the six principles enumerated, 6. Sal/bcrgcr has separated 
two other crystalline substances, to which he has given the names of 
protoveratvine and ; protaveratrUline , and Pehkschen has also separated a 
niuth substance, to which he has given the name of iwratroidine. 

The fonnulie of the nine liodies which have boon separated from 
hellebore root are as follows : — 


1. Vcratridinc (or amorphous veratrine), 0.,. Ib-NO u , 

2. Cevadiuc (or crystalline veratrine), Cgtll^NOg, 

3. Protovcratriue, Ojoll j;NO|,, 


rseudo-jervine, | 


j:1 N0 7 ( IV right.), . 
,N0 m {PrMschm) 


I’rotovcratrkliue, CoeH^NOe, , 


Kubi'jecvine, | 


C 2(i H 43 N0 2 ( Wru/ht ami Luff), 
( Sakbcri/cr ), . 


8, Jervine, Cj,- r H :B NO a 2H,jO, 

9. Veratroidiue, C 12 1J U N0<,, 


Mdtlnfc.polnt. 

181° 

205°-206° 
24 5°-250° 
209°-300° 


265° 

236° 

240 -245° 
237 -239° 
149° 


Three of these alkaloids possess powerful sternutatory properties, the 
least quantity applied to the nostrils exciting sneezing; the three are 
veratridine, cevadiuc, and protoveratrine. 

Protovcratrinc, C 32 H 61 NO II , has been obtained by G. Salzbcrger * 
from powdered veratrum root, by the following process : — 

The powdered root is first freed from fatty and resinous matters by 
treatment with ether, and then the fat-free powder is exhausted with 
alcohol. The alcohol is evaporated off in a vacuum, the extract mixed 
with much acetic acid water, filtered from the insoluble rcsidtic, and 
treated with metaphosphoric acid ; the voluminous precipitate contains 
much amorphous matter, with insoluble compounds of jervine and 
* Arch, Pharm., ccxxviii. 462-483. 
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§ 471 '] 

rubi-jervine. The precipitate is filtered off, and the filtrate treated 
with excess of ammonia and shaken np with ether. On separating 
the ether and distilling, protoveratrine crystallises out, and can he 
obtained pure by recrystallisation from strong alcohol. 

Protoveratrine crystallises in four-sided plates, which melt with 
charring at 245° to 250°. The base is insoluble in water, benzene, and 
light petroleum ; chloroform and ladling 90 per emit, alcohol dissolve it 
somewliat ; cold ether scarcely touches it, boiling ether dissolves it a little. 

Concentrated sulphuric acid dissolves the alkaloid slowly with the 
production of a greenish colour, which passes to cornflower-blue, and 
after some hours becomes violet. Sulphuric acid and sugar gives a 
different colour to that produced by commercial veratrine. There is 
first a green colour which darkens into olive-green, then becomes dirty 
green, and finally dark brown. When warmed with strong sulphuric, 
hydrochhu'ic, or phosphoric acids, there is a strong odour of isobntyric 
acid developed, Dilute solutions of the salts are precipitated by ammonia, 
Nessler’s reagent, gold chloride, potassium mercury iodide, cadminm 
iodide, pliosphotungstic acid, and picric acid ; no procipitate is produced 
by tannin, platinum chloride, or mercuric chloride. 

§ 471. Veratridine (C,y£L 3 NO n ) is an amorphous alkaloid, which is 
a powerful irritant of the sensory nerves of the mucous membrane, and 
excites violent sneezing. Treated with concentrated sulphuric acid, it 
dissolves with a yellow colour, deepening iuto orange, then into blood- 
red, aud finally passing into carmiue-red. If the freshly-prepared sul- 
phuric acid solution is now treated with bromine water, a beautiful 
purple colour is produced. Concentrated hydrochloric acid dissolves 
veratridine without the production of colour, but, with careful warming, 
it becomes beautifully red. This reaction is very delicate, occurring 
with T7 mgrm. On saponification veratridine yields verine, C^H^NO;,, 
and veratric acid, C,jH l0 0 4 . 

Vera trie acid, dimethylothcr of protoeatechuic acid, has the constitu- 
tional formula, 

CI1 ; ,0 ^ x COOH 

GH3O 

Veratric acid forms colourless needles aud four-sided prisms, which have 
a marked acid reaction ; it melts at 180° to a colourless fluid, and 
sublimes without decomposition; it is easily soluble in hot alcohol, but 
insoluble in ether, If dissolved in nitric acid, water separates nitro* 
veratric acid, C fl H 9 (N 0.;)0 4 , which crystallises out of alcohol in small 
yellow scales. Veratric acid unites with bases forming crystalline salts ; 
the silver salt has the composition of C 9 H 9 Ag0 4 = 37'37 per cent, silver, 
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and may assist in identification. It is crystalline, with a melting-point 
of 205° to 206°. 

Cevadine, or crystalline veratrine, C 3 oH 49 N 0 9 . — It has powerful 
sternutatory properties, and, under the influence of alcoholic potash, 
yields tiglic * * * § acid and cevine, C 27 H 43 NO s . 

According to Ahrens, angelic acid is first formed, and then converted 
into tiglic acid. When the alkaloid is boiled with hydrochloric acid, 
tiglic acid is formed, and a ruhy red mass. Nitric acid oxidises cevadine 
completely ; with potassic permanganate it yields acetic and oxalic acids ; 
with chromic acid it forms acetaldehyde and car' bon dioxide,! 

The Continental authorities always give to cevadine the name 
of veratrine, Cevadine forms a crystalline aurochloride, a crystal- 
line mercurochloridc, C 32 H 40 NO !) HHgCl 3 , and a crystalline picratc, 
C 32 H 49 N0 n C (; H3N 8 0 7 . The mercury salt crystallises in small silvery 
plates, and melts with decomposition at 172°. The picrate forms stable 
crystals blackening at 225° ; both of the latter salts are but little soluble 
in water, but are soluble in alcohol. Cevadine also unites with bromine, 
forming a tetrabromide, an amorphous yellow powder insoluble in water 
but readily soluble in alcohol, ether, and chloroform. 

§ 472. Jervine, (C 20 H 37 N0 3 2H 2 O) (Wright and Luff), C 14 H 22 N0 2 
(PehJcschen), J crystallises in white needles, and when anhydrous, melts 
at 237‘7°. It is slightly lsevorotatory. At 25° one part of the base 
dissolves in 1658 benzene, 268 ether, 60 chloroform, and 16 '8 absolute 
alcohol. It is insoluble in ligls t petroleum, and but slightly soluble in ethyl 
acetate, water, or carbon bisulphide. It forms a very insoluble sulphate, 
and a sparingly soluble nitrate and hydrochloride. Jervine gives, with 
sulphuric acid and sugar, a violet colour, passing to blue. Treated with 
strong sulphuric acid it dissolves to a yellow fluid, which becomes succes- 
sively dark yellow, brownish-yellow, and then greenish. The green shade 
is immediately developed by diluting with water. Jervine does not 
produce sneezing, 

§ 473. Pseudo-jervine, C. )9 H 43 N0 7 ( Wright), m.p. 299° ; C. W 1I 49 N0 12 , 
m.p, 259° (Peliksdien), may be obtained in a crystalline state. One part 
is soluble in 10'9 parts of light petroleum, 372 parts of benzene, 1021 
parts of ether, 4 of chloroform, and 185 of absolute alcohol. The pure 
base gives no colour with sulphuric, nitric, or hydrochloric acids. It does 
not produce sneezing. 

§ 474. Protoveratridine, C 2D H 45 N0 8 , is probably derived from proto- 
veratrine. Salzberger§ isolated it from powdered veratrum roots by 

* Tiglic acid, CjH e O„ is a volatile acid, m.p 64°, boiling-point 198’5° ; it forms 

a soluble barium salt, and an insoluble silver salt. 

t Bar,, xxiii. 2700-2707, + Jot mi. Pharni. (5), xxii. 265-269. 

§ Arch. Pharm,, cexxviii. 462-483. 
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treating the powder with barium hydroxide and water, and extracting 
with ether. The ether extract was separated and freed from ether in a 
current of hydrogen at a low temperature. 

From the dark green syrup obtained jervine crystallised out, and from 
the mother-liquor ultimately protoveratridinc was separated. 

Protoveratridineciyslallises in colourless four-sided plates, which melt 
at 265°. It is almost insoluble in alcohol, chloroform, methyl alcohol, 
and acetone, and insoluble in benzene, light petroleum, aud ether. Con- 
centrated sulphuric acid gives a violet, then a cherry-red colour. Its 
solution in concentrated hydrochloric acid becomes light red on warming, 
and there is an odour of isobutyric auid. It is readily soluble in dilute 
mineral acid, aud the solution, on the addition of ammonia, yields the 
alkaloid in a crystalline conditiou. The sulphuric acid solution gives 
precipitates with phosphotruigstic, picric, and tannic acids, and with 
potassium mercury iodide; but gives no precipitate with platinum 
chloride, potassium -cadmium iodide, or with Millon’s reagent. 

It forms a platinum salt (Co 0 H 45 N'O s ). j H i PtCl ( ; + 6II 2 0, which is pre- 
cipitated in large six-sided plates on adding alcohol to a mixed solution 
of platinum chloride and a salt of the base. 

Protoveratridine is not poisonous, and does not cause sneezing. Its 
solutions are very bitter. 

§475, Kubi-jervine, C, M II 43 N 0 2 , is a crystalhsable base wholly dif- 
ferent from jervine, yet probably closely allied to it. Melting-point 237° 
(Wrijht and Luff), 240°-24<j° (j Salzberget ■). It forms a light yellow, 
indistinctly crystalline gold salt (C 20 H 48 NO i! ,HCl, AuCl 3 ) : it gives a dif- 
ferent play of colours from jervine with sulphuric acid. The concentrated 
acid dissolves rubi- jervine to a clear yellow fluid, becoming successively 
dark yellow, brownish-yellow, and brownish blood-red, changing after 
several hours to a brownish-purple. On diluting slightly with water the 
brownish-red liquid, it becomes successively crimson, purple, dark 
lavender, dark violet, and ultimately light indigo. Its hydrochloride and 
sulphate are both more soluble tluiu either of the corresponding salts of 
jervine or pseudo-jervine. 

§ 476. Yeratraibine, C^H^NOg, an amorphous non -sternutatory 
base, gives, when a speck of the substance is dissolved in sulphuric acid, 
a play of colours, becoming successively yellow, dark yellow, brownish- 
orange, and brownish blood-red, with a strong green fluorescence. It 
yields no acid on saponification, 

§ 477. Yeratroidine, C 3 ._,H ( , 3 N0 9 , is another base which has been 
separated by C. Pehkscheu.* Its melting-point is 149°. One part dis- 
solves in 13 of benzene, 59 of chloroform, and 9 of ether. It yield 
amorphous salts with the mineral acids, and with oxalic and acetic acids. 

* Op. cU. 
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It is precipitated by most of tbe group reagents. With 11 percent, 
solution of hydrochloric acid it gives a beautiful rose colour. 

§ 47S. Commercial Veratrine. — Commercial veratrine is a mixture of 
alkaloids, and has usually fairly constant properties, one of which is its 
intense irritant action on the uostrils. Placed on moist blue-red litmus 
paper it gives a blue spot. It is but little soluble in water, 1 : 1500 ; but 
readily dissolves in alcohol and chloroform ; it is but little soluble in 
amyl alcohol, benzene, and carbon disulphide. 

When a very small quantity is treated with a drop of sulphuric acid, 
the acid in the cold strikes a yellow colour ; on warming, the colour 
becomes violet, slowly changing to orange and cherry-red. Sensible to 
100th of mgrm. If this test is performed in a test tube, a green-yellow 
fluorescence is also seen on the sides of the test tube. 

Commercial veratrine strikes a pink-red colour with hydrochloric 
acid in the cold if a long time is allowed to elapse, but it at once 
appears if the acid is warmed, and is permanent. The solution becomes 
fluorescent if two drops of acetic acid are added. 

If a small quantity of commercial veratrine is added to melted oxalic 
acid aud the warming continued, a blood-red colonr is obtained. 

Veratrine warmed with syrupy phosphoric acid, develops an odour 
of butyric acid. 

A dark green colour, followed by reddish-purple and blue colours, is 
obtained by adding a sprinkling of finely powdered sugar to a solution 
of veratrine in sulphuric acid. This is best seen with a solution of 
I to 10,000 j if in dilation of 1 to 100,000 a grass-green colour is 
produced, followed by purple and blue colours, quickly changing to 
brown or black,* 

When two or three drops of sulphuric acid and furfuraldehyde 
(5 drops to 10 c.c. of acid) are added to minute particles of alkaloids, a 
more or less characteristic colour makes its appearance; this is parti- 
cularly the case with veratrine. A few particles rubbed with a glass 
rod, and moistened with the reagent, gives first a yellowish-green, then 
an olive-green mixture, the edges afterwards becoming a beautiful blue, 
On warming, the mixture gradually acquires a purple-violet colour. The 
blue substance obtained in the cold is insoluble in alcohol, ether, or 
chloroform, The least amount of water decolorises the solution, and, 
on adding much water, a fairly permanent yellow solution is obtained, f 

§ 479, Pharmaceutical Preparations. — The alkaloid is officinal in 
the English, American, aud Continental pharmacopoeias. There is also 
an unguentum veratrince — strength about 1 '8 per cent. In the London 
pharmacopoeia of 1851 there used to be a wine of white veratrum, the 

* Fliickigcr’s Reactions, 1893. 
t A, Wender, Chem, Zeitung, xvii 950, 951. 
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active principle of 20 parts of the root by weight being contained in 
100 parts by measure of the wine. Such a wine would contain about 
0'084 per cent, of total alkaloids. Of the green veratrum there is a 
tincture ( tindura veratri viridis), to make which four parts by weight 
of the root are exhausted by 20 parts by measure of spirits ; the strength 
varies, but the average is 0‘02 per cent, of total alkaloids. 

§ 480. Fatal Dose, — The maximum dose of the commercial alkaloid 
is laid down as 10 mgrms, ('15 grain), which can be taken safely in a 
single dose, but nothing sufficiently definite is known as to what is a 
lethal dose, 13 grms, of the powdered rhizome have caused death, and, 
on the other hand, ten times that quantity has been taken with impunity, 
so that at present it is quite an open question. 

§481. Effects 011 Animals —Physiological Action.— Experiments 
on animals have proved that the veratrnius act on the sensory nerves of 
the skin, and those of the mucous membranes of the nose and intestinal 
canal ; they are first excited, afterwards paralysed. When administered 
to frogs, sugar and lactic acid appear in the urinary excretion.* It 
exercises a peculiar influence on voluntary muscle j the contractility is 
changed, so that, wheu excited, there is a long-continuing contraction, 
and from a single stimulus more heat is disengaged than with healthy 
muscle ; the motor nerves are also affected. The respiration, at first 
quickened, is then slowed, and finally paralysed. The heart’s action 
is also first quickened, the blood-pressure at the same time is raised, and 
the small arteries narrowed in calibre ; later follow sinking of the 
pressure, slowing of the heart, and dilatation of the vessels, and the 
heart becomes finally paralysed. 

§ 482. Effects On Man. — Poisoning by veratrum, sabadilla, or phar- 
maceutical preparations containing veratrine, is not common. Plenk 
witnessed a case in which the external application of sabadilla powder 
to the head caused delirium, and Lcutin also relates a case in which au 
infant at the breast seems to have died from an external application 
made for the purpose of destroying liec. In both instances, however, 
there is a possibility that some of the medicament was swallowed. 

Bias recorded, in 1861, the case of two children who drank a decoc- 
tion of white hellebore, the liquid being intended as an external applica- 
tion. to an animal. They showed serious symptoms, but ultimately 
recovered. 

A scientific chemist took 3‘8 gvuis. (58 grains) of the tincture of 
green hellebore for the purpose of experiment. There followed violent 
symptoms of gastric irritation, vomiting, and diarrhoea, but he also 
recovered, t 

* Veit. Phys. CJtem., xvi, 453—459. 
f Med . Times and Gazette, Jail. 3, 1863. 
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Casper relates the poisoning of a whole family by veratram ; from 
the stomach of the mother (who died) and the remains of the repast 
(a porridge of lentils) veratrine was separated. 

Faber* recorded the poisoning of thirty cows by veratram; eight 
died, and it is noteworthy that violent poisonous symptoms were pro* 
duced in animals partaking of their flesh and milk. 

§ 483. The symptoms appear soon after the ingestion, and consist of 
a feeling of burning in the mouth, spreading downwards to the stomach, 
increased secretion of saliva, and difficulty of swallowing ; then follow 
violent vomiting and diarrhoea, with great pain in the bowels, often 
tenesmus ; there is also headache, giddiness, a feeling of anxiety, and 
the pupils are dilated. The consciousness is ordinarily intact ; the pulse 
is weak and slow, and the breathing embarrassed ; the skin is benumbed. 
There may be also formicating feelings, and twitchings in the muscles 
with occasionally the tetanic cramps, which are constantly seen in frogs. 
In cases which end fatally, the disturbance of the breathing and circula* 
tion increases, and death takes place in collapse. 

An important case of slow poisoning is on record,! in which 
two brothers, aged 21 and 22 years, died after nine and eleven 
weeks of illness, evidently from repeated small doses of the powder 
of Veratrum album. They became very weak and thin, suffered 
from bloody stools, sleeplessness, disturbance of the intellect, and 
delirium. 

§ 484. The post-mortem signs do not appear distinctive ; even in the 
cases just mentioned — in which one would expect to find, at all events, 
an extensive catarrh of the intestinal canal — the results seem to have 
been negative, 

§ 485. Separation from Organic Matters. — The method of Stas (by 
which the organic matters, whether the contents of the stomach or the 
tissues, are treated with alcohol, weakly acidified by tartaric acid) is to 
be recommended, After filtering, the alcoholic extract may be freed 
from alcohol by careful distillation, and the extract taken up with water. 
By now acidifying gently the watery extract, and shaking it up with 
ether and chloroform, fatty matters, resinous substances, and other im- 
purities are removed, and it may then be alkalised by soda or potash, 
and the veratrine extracted by ether. The residue should be identified 
by the hydrochloric acid and by the sulphuric acid and bromine re- 
actions; care should also be taken to ascertain whether it excites 
sneezing, 

A ptomaine, discovered by Brouardel,! was described by him as both 
chemically and physiologically analogous to veratrine. A, M, Deleziniere§ 

* Zeitschr.f StaatsarzneUc., 1862. f Nivet and Gcraud, Oaz. Heldorn,, 1861. 

X Monitcur Sclent. (3), x. 1140, § Bull, Soc. Chim, (3), i. 178-180, 
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has since investigated this substance. Only when in contact with air 
does the analogy to veratrine obtain, and Dcleziniere, to ascertain its 
reactions, studied it when in an atmosphere of nitrogen. It appears to 
be a secondary mouainine, C :n H 3l N, and is in the form of a colourless, 
oily liquid, with an odour like that of the hawthorn. It is insoluble in 
water, but alcohol, ether, toluene, and benzene dissolve it readily. It 
oxidises in the presence of air. The salts are deliquescent. 


VIII.— Physostigmine. 

§ 486, The ordeal bean of Calabar ( Physnstiyma faha ) is a large, all 
but tasteless, kiduey.shaped bean, about au inch in length, and half an 
inch thick ; its couvex edge has a furrow with elevated ridges, and is 
pierced by a small hole at one extremity. The integuments are coffee- 
brown iu colour, thin, hard, and brittle ; they enclose two white coty- 
ledons, easily pulvcrisable, and weighing on an average 3'98 grms. 
(61 grains). The seed contains at least one alkaloid, termed Physostig • 
mine (first separated in 1S64 by Jobst and Hesse), and possibly a second 
according to Haruach and Witkowsky, who have discovered in association 
with physostigmine a new alkaloid, which they call Calabarine, and which 
differs from physostigmine in being insoluble iu ether and soluble in 
water, It is also soluble in alcohol ; and further, the precipitate pro- 
duced by potassium iodo-hydrai'gyratc in calabarine solutions is insoluble 
iu alcohol. 

§ 487. Physostigmine, or eserine, is not easily obtained in a crystal- 
line state, being most frequently extracted as a colourless varnish, drying 
into brittle masses. It is, however, quite possible to obtain it in the 
form of partially' crystalline crusts, or even rhombic plates, by care being 
taken to perform the evaporation, and all the operations, at as low a 
temperature as possible, and preferably in a dimly-lit room ; for, if the 
temperature rises to 40°, much of the alkaloid will be decomposed. 
Hesse recommends that the beans lie extracted by alcohol, the alcoholic 
solution alkaliscd by sodie carbonate, and the liquid shaken up with 
ether, which will retain the alkaloid. The ether solution is now separated, 
and acidified slightly with very dilute sulphuric acid ; the fluid, of course, 
separates into two layers, the lower of wliich contains the alkaloid as a 
sulphate, the upper is the ether, which is withdrawn, and the acid fluid 
passed through a moist filter. The whole process is then repeated as a 
purification. 

Again, Vee, who has repeatedly obtained the alkaloid in a crystalline 
condition, directs the extraction of the beaus by alcohol, the alcoholic 
solution to be treated as before with sodic carbonate, and then with ether ; 
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the ethereal solution to be evaporated to dryness, dissolved in dilute acid, 
precipitated by sugar of lead, aud the filtrate from this precipitate alkalised 
by potassic bicarbouate, aud then shaken up with ether. The ethereal 
solution is permitted to evaporate spontaneously, the crystalline crusts 
arc dissolved in a little dilute acid, and the solatiou is lastly alkalised 
by potassic bicarbonate, when, after a few minutes, crystalline plates are 
formed, 

The formula ascribed to physostigmine is C^H^NjO,,, lb is strongly 
alkaline, fully neutralising' acids, and forming tasteless salts. It crystal- 
lises from benzene in large flat prisms which melt at a temperature of 
105°-10G°, It dissolves easily in alcohol, ether, chloroform, and bisul- 
phide of carbon, but is not easily soluble in water. The sp. rotatory 
power in chloroform is (a) u = - 82°. The benzoate * crystallises in hard 
white prisms meltiug at 115°-I18° ; the majority of the other salts are 
very hygroscopic. 

If CO, is passed into water containing the alkaloid in suspension, a 
clear solution is obtained j but the slightest warmth decomposes the 
soluble salt aud reprecipitates the alkaloid, The hydrarg-hydriodide 
(C 15 H. 21 N 3 0 ? T*II,2IIgI) is a white precipitate, insoluble in water, becoming 
yellow on drying, soluble in ether and alcohol, and from such solutions 
obtained in crystalline prismatic groups. A heat of 70” melts the 
crystals, and they solidify again in the amorphous condition. 

It gives a precipitate with gold chloride, reducing the gold ; also one 
with mercuric chloride, easily soluble in hydrochloric acid. It gives no 
precipitate with platinum chloride. 

§ 488. Tests. — l)a Silva’s t test for escrine is as follows : — A minute 
fragment of eseriue or oue of its salts is dissolved in a few drops of 
fuming nitric acid ; this makes a yellow solution, hut evaporated to 
complete dryness it is pure green. The green substance, called by others 
chlorcseriue, dissolves to a uon-flnorcseent green solution j in water and 
also in strong alcohol it shows a band in the red between 4670 and 4680, 
a broader but more nebulous baud in the blue and violet between 4400 
and 4418, aud a very feeble band in the orange. 

J. B. Nagelvoort j. has recommended the following tests : — (a) An 
amorphous residue of a permanent blue colour is obtained if a trace of 
the alkaloid, or oue of its salts is evaporated in the presence of an excess 
of ammonia ; this blue alkaloid dissolves in dilute acids with a red colour ; 
sensitiveness 0‘0000I gm. (1 : 100000). The solution has beautiful red 
fluorescence in reflected light j when evaporated, it leaves a residue that 
is green at first, changing to blue afterwards, the blue residue being 

* 1’etit and Polonovsky (J. Pharm., xxix, 55). 

t S, J, Ferreira da Silva, Compt, Rend., cxvii, 330, 331. 

+ Fliickiger’s Reactions, 1893, 
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soluble in water, alcohol, aud chloroform, bnt uot in ether. Chloroform 
extracts the blue colour from tho watery ammoniacal solution only par* 
tially. The blue solutions arc reddened at first by II, S, and discoloured 
afterwards. The blue colour is restored by expelling the II ? S ou the 
water-bath,. (A) Eserine and its salts, dissolved in fuming nitric acid, 
give a yellow solution which, when warmed on the water-bath, becomes 
darker and leaves a green residue. The latter dissolves with a green 
colour in water aud alcohol ; in dilute nitric acid the solution shows 
a greenish-yellow fluorescence by transmitted light, and a blood-red by 
reflected light, (c) A red fluid is obtained when O'OIO gm. eserine or 
its salicylate, 0 050 gm. of slacked lime, and 1 c.c. of water arc mixed 
together. Warmed in a water-bath, it turns green, and a piece of red 
litmus-paper suspended in the test tube turns blue ; a glass rod 
moistened with IIC1 gives off the well-known white clouds character- 
istic of an ammonia reaction. The green solution does not lose its 
colour by evaporation. Baryta water, added to an eserine solution, 
gives a white precipitate that turns red when strongly agitated, sensitive 
to O'Ol mgnn. (1 : 100000). 

§489. Pharmaceutical Preparations. — Theouly preparations officinal 
in. this country are a spirituous extract (JZxtradum phi/tsodtgmatis), used 
principally for external application, the dose of which is not more than 
18'I mgrms, ('28 grain), and gelatine discs for the purpose of the 
ophthalmic surgeon, each disc weighing about -j^th grain, aud containing 
YuVtt g r - of the alkaloid. 

§490. Effects on Animals. — A large number of experiments have 
been made upon animals with physostigmine, most of them with the 
impure alkaloid, which is a mixture of calabarine and physostigmine. 
Now, the action of calabarine seems to be the opposite to that of physo- 
stigmine — that is, it causes tetanus. Hence, these experiments are not 
of much value, unless the different proportions of the alkaloids are 
known. Hamack and Witkowsky* made, however, some researches 
with pure physostigmine, of which the following are the main results : — 
The smallest fatal dose for rabbits is 3 mgrms. per kilo. ; cats about the 
same ; while dogs take from 4 to 5 mgrms. per kilo. Frogs, under the 
influence of the alkaloid, lie paralysed without the power of spontaneous 
movement, and the sensibility is diminished ; later, the breathing ceases, 
and the reflex' irritability becomes extinguished. The activity of tho 
lioavt is tluough '5 mgnn. slowed, but at the same time strengthened. 

The warm-blooded animals experimented upon show rapid paralysis 
of the respiratory centre, but the animals by artificial respiration can be 
saved. Fibrillar muscular twitching of all the muscles of the body arc 
observed. Death follows in all cases from paralysis of the respiration, 
* Arclu f Pathol, -a, Phivrm,., 1876, lid. v, 
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Experiments (first by Bexold, then by Eraser and. Bartholow, and lastly 
by Schroff) liave amply shown that atropine is, to a certain extent, an 
antidote for physostigmine poisoning. Fraser also maintains an antag' 
onism between strychnine and physostigmine, and Bennet that chloral 
hydrate is antagonistic to physostigmine. 

Effects on Man. — The bean has long been used by the superstitious 
tribes of the West Coast of Africa as an ordeal, and is so implicitly 
believed in that the innocent, when accused of theft, will swallow it, 
in the full conviction that their innocency will protect them, and that 
they will vomit up the beau and live. In this way, no doubt, life has 
often been sacrificed. Christison experimented upon himself with the 
beau, and nearly lost his life. He took 12 grains, and was then seized 
with giddiness aud a general feeling of torpor. Being alarmed at the 
symptoms, he took an emetic, which acted. He was giddy, faint, and 
seemed to have lost all muscular power ; the heart and^ 
extremely feeble, and beat irregularly, He afterwardsTfeli-c^ 0 
aud the next day he was quite well. lk '’ 

In August 1864 forty-six children were poisoned at Liverpool by 
eating some of the beans, which had been thrown on a rubbish heap, 
being part of the cargo of a ship from the West Coast of Africa. A boy, 
aged 6, ate six beans, aud died. In April of the same year, two 
children, aged 6 and 3 years, chewed and ate the broken fragments 
of one bean ; the usual symptoms of gastric irritation and muscular 
weakness followed, but both recovered, Physostigmine contracts the iris 
to a point ; the action is quite local, and is confined to the eye to which 
it is applied, When administered internally, according to some, it has 
no effect on the eyes, but according to others, it has a weak effect in 
contracting the pupil. In any case, the difference of opinion shows that 
the effect, when internally administered, is not one of a marked character. 

§ 491, Physiological Action. — The physiological action of physostig- 
minc is strikingly like that of nicotine, which it resembles in being a 
respiratory poison, first exciting, afterwards paralysing the vagus, Like 
nicotine, also, it produces a great loss of muscular power ; it first excites, 
and then paralyses the intramuscular terminations of the nerves ; and 
again, like nicotine* it induces a tetanus of the intestine. A difference 
between physostigmine and nicotine exists in the constant convulsive 
effects of the former, and in the greater influence on the heart of the 
latter. 

§ 492. Post-mortem Appearances. — But little is known relative to 
the post-mortem appearances likely to be found in human poisoning ; 
redness of the stomach and intestines is probably the chief sign. 

§ 493. Separation of Physostigmine.— For the extraction of physo- 
stigmine from the fluids of the body, Dragendorff recommends benzene : 
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tlie alcoholic filtered extract (first acidified) may be agitated with such 
solvents as petroleum aud benzene, in order to remove colouring matter ; 
then alkalised and shaken up with benzene, and the latter allowed to 
evaporate spontaneously — all the operations being, as before stated, 
carried on under 40°, If much coloured, it may be purified according 
to the principles before mentioned. In cases where enough of the 
extract (or other medicinal preparation) has been taken to destroy life, 
the analyst, with proper care, would probably not have much difficulty 
in separating a small quantity of the active principle. It is rapidly 
eliminated by the saliva and other secretions. In most cases it will be 
necessary to identify physostigmine by its physiological activity, as well 
as by its chemical characters. For this purpose a small quantity of the 
substance should be inserted in the eye of a rabbit ; if it contains the 
alkaloid in question, in twenty minutes, at the very latest, there will 
be a strong contraction of the pupil, and a congested state of the 
conjunctival vessels. Further researches may be made with a small 
quantity on a bird or frog. The chief symptoms observed will be those 
of paralysis of the respiratory and voluntary muscles, followed by death. 
If a solution is applied to the web of a frog’s foot, the blood-vessels 
become dilated. Physostigmine appears, according to Dragendorff and 
Pander, to act as an irritant, for they always observed gastro-enteritis 
as a result of the poison, even when injected subcutaueously. The 
enhauced secretion from all mucous surfaces, and the enlargement of 
the blood-vessels, are also very constant symptoms. But of all these 
characteristics, the contraction of the pupil is, for the purposes of 
identification, the principal. A substance extracted from the tissue or 
other organic matters, in the manner mentioned, strongly contracting 
the pupil and giving the bromine reaction, would, in the present state 
of our knowledge, be indicative of physostigmine, and of that alone. 

§ 494, Fatal Dose of Physostigmine, — One mgrm. (-015 grain) as 
sulphate, given by Vec to a woman subcutaneously, caused vomiting, etc., 
after half an hour. A disciple of Gubler’s took 2 mgrins. without 
apparent effect ; but another mgrm., a little time after, caused great 
contraction of the pupil and very serious symptoms, which entirely 
passed off in four hours, It would thus seem that three times this (t.e., 
6 mgr ms, ) would be likely to be dangerous. Hence man is far more 
sensitive to physostigmine than dogs or cats; and 3 mgrms. per kilo, — 
that is, about 205 mgrms. (3 grains) — would be much beyond the least 
fatal dose. 
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IX.— Pilocarpine. 

§ 495. From the leaves of the jaborandi, Pilocarpus pennatafolius 
(Nat. Ord. Rutac.ece), four alkaloids have been separated, viz. — 
Pilocarpine, C u H l6 Nj0 2 ; Isopilocarpine, C u ir i6 N 2 0 2 ; Pilocarpidine, 
C lo H u N 2 0 2 ; Jaborine, c u h 10 n 2 o 2 . 

Jaborine (C u H 1(i N 2 0 2 ) is a strong base, differing from pilocarpine in 
its sparing solubility in water, and more ready solubility in ether ; its 
salts are soluble in water and alcohol, but do not crystallise. P. tihas- 
taing,* by treating pilocarpine with a large quantity of nitric acid, 
obtained nitrate of jaborine, and operating in the same way with hydro- 
chloric acid, obtained the liydrochlorate of jaborine ; Jowett thinks that 
this substance is a mixture of Isopilocarpine, Pilocarpidine, and a little 
Pilocarpine. 

§ 496. Pilocarpine (C a H lft N 2 0 2 ) is a soft gelatinous mass, but it 
forms with the mineral acids crystallisable salts. The solutions are 
dextrorotatory, a D = + 100'5\ 

If the free base is distilled in vacuo, a large portion of the pilo- 
carpine is converted into isopilocarpine. By oxidation with potassinm 
permanganate, — ammonia, naethyiamine, propionic acid, pilopic acid, 
C s H 10 O,„ and homapilopic acid, C s H 12 0. 1 , result, Jowett considers that 
Pilocarpine is a stereoisomer of isopilocarpine, and that both may be 
represented by the following formula 

C„H 5 — CH — CH — CH 2 — C — N — CH, X 

II II ihcn 

CO CH 2 CH— N=^* 

\/ 

0 

The nitrate and hydrochloride are at present much used in pharmacy. 
Pilocarpine gives a precipitate with phosphomolybdic acid, potassio- 
mercuric iodide, and most general alkaloidal reagents, but none that are 
very distinctive, When a solution of gold chloride is added to one of 
pilocarpine, a salt falls, having the composition C n H 16 N 2 0 2 ,HCl + AnCl 3 . 
It is not very soluble in water (about 1 in 4600), and has been utilised 
for the estimation of pilocarpine. Pilocarpine dissolves without the 
production of colour in sulphuric acid ; but, with bichromate of potash 
and sulphuric acid, a green colour is produced. It may be extracted 
from an aqueous solution made alkaline by ammonia, by shaking up 
with chloroform or benzene. 

§ 497, Tests. — When a little of the alkaloid is mixed with ten times 
its weight of calomel, and rubbed, and moistened by the breath, the 
* Compt. Rend., vol. xciv. p. 223. 
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calomel is blackened ; cocaine also acts similarly ; but the two could 
not be mistaken for each other. If a solution of mercu r. potassium 
iodide is added to a solution of the hydrochloride, the amorphous pre- 
cipitate becomes, in the course of a day or two, oily drops. “A solution 
of iodine in potassium iodide gives in pilocarpine solutions a brown 
precipitate that often crystallises to feathery brown crystals (micro- 
scopically), and of serrated form, something- like the blade of a scroll- 
saw, when the crystallisation is incomplete.” — Fliir.kiger’s Reactions, 

When boiled with sodium persulphate it gives an ammoniacal 
smell, the vapours blacken mercurous nitrate, and turn turmeric paper 
blue. Warmed with H,S0 4 , it gives first a yellow colour, then brownish- 
red, blood-red, and finally a brownish-red. INlandeline’s reagent gives, 
On warming, first a golden-yellow colour, then a clear green, and finally 
a blue. * 

§ 498. Effects. — Pilocarpine, gi ven subcutaneonsly in doses of about 
32 mgrms. (£ grain), causes within five minutes a profuse perspiration 
and salivation, the face becomes flushed, and the whole body sweats; 
at the same time, the buccal secretion is so much increased that in a 
few hours over a pint may be secreted. The tears, tire bronchial 
secretion, and the intestinal socretions are also augmented ; there are 
generally headache and a frequent desire to pass water ; the pulse is 
much quickened, and the temperature falls from 14° to 4°-, the 
symptoms last from two to five hours. Langley has shown that the 
over-action of the sub maxi 11 ary gland is not affected by section either 
of the chorda tympocni or of the sympathetic supplying the gland. 
Although pilocarpine quickens the pulse of man, it slows, according to 
Langley, t the heart of the warm. blooded animals, and that of the frog. 
With regard to the frog, Dr. S. Ringer’s researches are confirmatory. 
With large doses the heart stops in diastole. If to the heart thus 
slowed, or even when recently stopped, a minute quantity of atropine 
be applied, it begins to beat again, There is also a most complete 
antagonism between atropine and pilocarpine in other respects, atropine 
stopping the excessive perspiration, and relieving the headache and 
pain about the pubes, etc. Pilocarpine, given internally, does not alter 
the she of the pupil, bat the sight may, with large doses, be affected. 
This may be due to the presence of piloearpidine. If a solution is 
applied direct to the eye, then the pupal contracts. No fatal case of 
its administration has occm-red in man, The probable dangerous dose 
would be about 130 mgrms. (2 grains) administered snbcutaneoasly. 
Pilocarpine must be classed among the heart poisons. 

* E. Barrel, Joura, JPharm.. Cfi.au . , xix., 1904, 

f ' ‘ The Action of Jabouuidi on the Heart,” by J- N. Langley, B.A., Jour*. 
Anal, and Physiol. , vol. x. p. 187. 
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Isopilocarpine,* C u H 10 N 2 O 2 , is an oily liquid, boiling at 261° at a 
pressure of 10 mm. (a) D =+42'8°. The following arc the melting- 
points of some of the salts of pilocarpine and isopilocarpine : — 



Pilocarpine. 

Isopilocarpine. 

Nitrate, 

. 178° 

159° 

Hydroeliloride, 

10 

0 

<M 

0 1 

O 

<M 

127° 

Hydro bromide, 

. 185° 

147° 

Methiodidc, , 

. . . . an oil 

114° 


Pilocarpidine. — C 10 H 14 N ? 0 2 , a crystalline alkaline mass, soluble in 
alcohol and chloroform, and a little soluble in water. The nitrate, 
C 10 H 14 N 2 0 2 HN0 3 , gives prismatic crystals, melting at 137°, and 
(«)„= +73'2°. The aurochloridc melts at 124°-125°. The picrate is 
an oil. Pilocarpidine causes dilation of the pupil. 


X,— Taxine. 

§ 499, Properties of Taxine, — The leaves and berries, and probably 
other portions of the yew tree ( Taxus haccaf.a), are poisonous, The 
poison is alkaloidal, and was first separated by Marmc. 

Taxine (C 3 -,H 5 . i 0 10 N). — Taxine has hitherto been obtained as a snow- 
white amorphous powder, scarcely soluble in water, but dissolving in 
alcohol, in ether, and in chloroform; insoluble in benzene. It melts 
at 82°, gives an intense purple-red, with sulphuric acid, and colours 
Frohde’s reagent reddish-violet. 

A slightly acid aqueous solution of the alkaloid gives precipitates 
with all the group reagents and with picric acid. 

The salts are soluble in water ; the hydrochloride may be obtained 
by passing gaseous HC1 into a solution of the alkaloid in anhydrous 
ether. The platiuochloride forms a yellow micro-crystalline powder, 
(C 3V H f)2 O 10 N) 2 H 2 PtCl 6 . The salts are generally difficult to crystallise,! 

§ 500. Poisoning by Yew, — Falck has been able to collect no less 
than 32 cases of poisoning by different parts of the yew — 9 were from 
the berries, and the rest from the leaves. They were all accidental ; 
20 persons died, or 62 ‘5 per cent. 

§501. Effects on Animals— Physiological Action. — From the re- 
searches of Marmc-Borchers, it appears that taxine acts upon the 
nervous centres — the nervous trunks themselves and the muscles re- 
maining with their excitability unimpaired, even some time after 
death, Taxine kills through paralysis of the respiration, the heart 
beating after the breathing has stopped. The leaves contain much 

* Jowett, Jouru, Chem. Soc , , lxxvii, 473. 
t A. Hilgerand F, Braude, Bex., xxiii. 464-468, 
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formic acid, and their irritant action on tlie intestine is referred to this 
cause. 

§ 502. Effects on Man. — Several deaths from yew have resulted in 
lunatic asylums from the patients chewing the leaves. For example, 
some years ago, at the Cheshire County Asylum, a female, aged 41, was 
suddenly taken ill, apparently fainting, her face pale, her eyes shut, and 
pulse almost imperceptible. Upon the administration of stimulants, 
she somewhat revived, but in a little while became quite unconscious. 
The pupils were contracted, and there were epileptiform convulsions, 
succeeded by stertorous breathing. These convulsions returned from 
time to time, the action of the heart became weaker, and there was a 
remarkable slowing of the respirations, with long intervals between the 
breathing. The woman died within an hour from the time when her 
illness was first observed, and within two hours of eating the leaves. 
Yew leaves were found in her stomach. In another case that occurred 
at the Parkside Asylum,'*' the patient died suddenly in a sort of epileptic 
fit. Yew leaves were again found in the stomach. In a case quoted by 
Taylor, in which a decoction of the leaves was drunk by a girl, aged 15, 
for the purpose of exciting menstruation, she took the decoction on four 
successive mornings. Severe vomiting followed, and she died eight 
hours after taking the last dose. In another case there were also no 
symptoms except vomiting, followed by rapid death, Mr. Hurt, of 
Mansfield, has recorded a case of poisoning by the berries. The child 
died in convulsions before it was seen by any medical man. 

From these and other recorded cases, the symptoms seem generally 
to be a quick pulse, fainting or collapse, nausea, vomiting, convulsions, 
slow respiration, and death, as a rule sudden and unexpected. We may 
suppose that the sudden death is really due to a rapid paralysis of the 
respiration, and suffocation. 

§ 503. Post-mortem Appearances, — In the case of the girl who 
drank the decoction, nothing unusual was observed in the stomach or 
organs of the body ; but when the leaves have been eaten, usually more 
or less congestion of the mucous membrane of the stomach as well as of 
the bowels is apparent. In the case of the child who ate the berries 
(Hurt’s case), the stomach was filled with mucous aud half-digested pulp 
of the berries and seeds. The mucous membrane was red in patches and 
softened, aud the small intestines were also inflamed. 

* Pharm , Journ, (3), No, 294, 
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XI.— Curare alkaloids. 

§ 504. Commercial curare is a black, shining, resinoid mass, about 
83 per cent, of which is soluble in water, and 79 in weak spirit. It is a 
complicated mixture of vegetable extracts, from various plants. Tube- 
curare, which, according to Pictet, is the commercial variety, has been 
shown by Boehm to contain two alkaloids, tubo-curanne , C w H 21 N0 4 , a 
reddish powder with a bitter taste, and curine, C 1S H 19 N0 3 , which crystal- 
lises in colourless prisms and melts at 212°. 

Calabash-curare, from Strychnos ioxifera, is said to contain a substance, 
curarine, C 19 H 26 N0 2 , which is amorphous and very bitter. It must be 
remembered that the name curarine has also been applied to the mixed 
alkaloids from commercial curare. 

Pot-cur are, from Strychnos castelnaca , contains protocurine, C 20 H 23 N0 3 , 
a slightly toxic crystalline substance, melting at 306° ; protocuridine, 
C 19 H 21 NO„ a non-toxic crystalline substanee, melting at 27 4°-276° ; and 
Prolocurarine, C^H^NO^ a toxic substance. These substances have not 
been fully investigated. 

Curare is an arrow poison* prepared by different tribes of Indians 
in South America, between the Amazon and the Orinoco; therefore, 
samples are found to vary much in their poisoning properties, although 
it is noticeable that qualitatively they are the same, and produce closely 
analogous symptoms. It is now known that some of the curare is 
derived from different species of strychnos, and like the South American 
strychnines paralyse, and do not tetanise. It is not unlikely that the 
active principles of curare (or woorari) may be methyl compounds similar 
to those which have been artificially prepared, such as methyl strychnine 

* A constituent of the Borneo arrow poison is " derrid,” a toxic principle obtained 
from a leguminous plant, the Paris elliptica ; it is a resinous substance, which has 
not yet been obtained in the pure state. It is said not to be a glucoside, nor to contain 
any nitrogen (Greshoff, Per,, xxiii, 3537-3550), 

The Comalis on the east coast of Africa prepare an arrow poison from the aqueous 
extract of the root of Oubaion, a tree closely related to Carissa Schimparii . 

Oubain is prepared by treating the aqueous extract with lead acetate, getting 
rid of excess of lead by SH 2 , and concentrating in a vacuum, The syrup is boiled 
with six times its volume of alcohol of 85°, and allowed to cool in shallow vessels : 
crystals are obtained which are reerystaliised, first from alcohol, and afterwards 
from water, 

Oubain, C 3 oH w O l2 , forms thin whitenaereous lamellae. It is tasteless, odourless, 
and neutral, almost insoluble in cold water, and soluble in boiling water 1 it dissolves 
readily in moderately concentrated alcohol, is almost insoluble in absolute alcohol, 
and insoluble in ether and chloroform. Its melting-point is 200°. The solution of 
oubain in water is l»vorotatoiy [a] D = -340. It is a glucoside, yielding on boiling 
with dilute acids a sugar, It is very poisonous ; 2 mgrrns. will kill a dog of 12 kilos, 
weight in a few minutes, if subcutaneously injected ; but, taken by the stomach, it 
produoes no effect, — Amaud, Compt, Rend,, cvi, 1011-1014, 
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and methyl brucine, both of which have a curare-like action. And 
methoxyl groups have been found in tubo-curarine and curine. 

The mixed alkaloids of curare were first separated by Preyer in a 
crystalline form in 1865. He extracted curare with boiling alcohol, to 
which a few drops of soda solution had been added, evaporated off the 
alcohol, took up the extract with water, and, after filtration, precipitated 
by phosphomolybdic acid, whioh had been acidified with nitric acid. The 
precipitate was dried up with baryta water, exhausted with boiling 
alcohol, and the alkaloids precipitated from the alcoholic solution by 
anhydrous ether. It may also be obtained by precipitating with 
mercuric chloride solution, and throwing out the mercury afterwards 
by means of hydric sulphide, etc. 

The alkaloids so isolated form colourless, four-sided, very hygroscopic 
prisms of bitter taste, and weakly alkaliue reaction ; soluble in water 
and alcohol in all proportions, but with difficulty soluble in amyl alcohol 
and chloroform, and not at all in anhydrous ether, bisulphide of carbon, 
or benzene. The bases form crystallisable salts with hydrochloric, 
nitric, and acetic acids. The alkaloids strike a purple colour with strong 
nitric acid. Concentrated solutions mixed with dilute glycerin give an 
amorphous precipitate with potassic bichromate, and the precipitate 
treated with sulphuric acid strikes a beautiful blue colour. The chromate 
is distinguished from strychnine chromate by its amorphous character, 
and by its comparatively easy solubility. If the chromates of strychnine 
and curare alkaloids be mixed, and the mixed chromates be treated 
with ammonia, strychnine will be precipitated and curare alkaloids pass 
into solution, thus forming a ready method of separating them. 

§ 505. Physiological Effects, — According to Voisin and Liouvilleis 
experiments, subcutaneous injections of curare on man cause, in small 
doses, strong irritation at the place of application, swelling, and pain. 
The temperature of the body is raised from 1° to 2°, and the number of 
respirations increased from 4 to 8 per minute, The pulse becomes 
somewhat stronger and more powerful. The urine is increased, and 
contains sugar, Large doses administered to warm-blooded animals 
cause, after a short time, complete paralysis of voluntary motion and of 
reflex excitability, and the animal dies in asphyxia, the heart continuing 
to beat. 

This state is best produced, for the purpose of experiment, on frogs, 
and, indeed, is the best test for the poison. A very minute dose 
injected beneath the skin of a frog soon paralyses both the voluntary 
and respiratory muscles ; the animal continues to breathe by the skin ; 
the heart beats normally, or, perhaps, a little weakly, and the frog may 
remain in this motionless condition for days and yet recover. Only 
curare and its congeners have this effect. By tying the femoral artery 
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of one of the frog’s legs before administering the poison, an insight into 
the true action of the drug is obtained. It is theu found that the 
reflex excitability and power of motion in the leg are retained, although 
all the rest of the body is paralysed. The ouly explanation of this is 
that curare does not act centrally, but paralyses the intramuscular cuds 
of the motor nerves. The experiments of Overcnd IJofmau ("Studicn 
iiber den Tetanus,” Pfluger’s Archiv, Bd. xciii.), also show that curare 
has a special action on the muscular fibre itself, decreasing in a marked 
degree its power. Curare is eliminated partly through the liver and 
partly through the kidneys. Dragendorft' found it in the faeecs, while 
a striking proof that it is excreted by the kidneys is given by the 
experiment of Bidder,* in which the urine of a frog poisoued by curare 
was made to poison a second, and the urine of the second, a third. The 
easy excretion of curare through the kidneys furnishes an explanation 
of the relatively large dose of curare which can be taken by the stomach 
without injury. A dose which, given by subcutaneous injection, would 
produce violent symptoms, perhaps death, may yet lx) swallowed, and no 
ill effects follow. It is hence presumed that, in the first case, the poison 
is, comparatively speaking, slowly absorbed, and almost as fast separated, 
and put, as 'it were, .outside the body by going into the urine ; while, in 
the other case, the whole dose is thrown suddenly into the circulation. 

§ 506. Separation of Curarine, — It is hardly probable that the 
toxicologist will have to look for curarine, unless it has entered the 
body by means of a wound or by subcutaneous injection ; so that in all 
cases the absorbed poison alone must he sought for. The scat of entry, 
the liver, the kidneys, and the urine are the only parts likely to he of 
any use, Dragendorff recommends the extraction of the tissues with 
water feebly acidulated with a mineral acid, to precipitate albuminous 
matters, etc., by strong alcohol, and the separation, by means of bciixene, 
of fatty matters. The liquid is then made alkaline, ami shaken up with 
petroleum ether, which removes certain alkaloidal matters. It is now 
evaporated to dryness, mixed with finclyqiowdorcd glass, and extracted 
with absolute alcohol, The alcohol is evaporated to dryness, and any 
curarine extracted from this residue with water. By very careful 
drying up of this last extract, aud taking it up iu alcohol, the alkaloid 
is said to be obtained so pure as to respond to chmnicnl tests, 'lhc 
identification may be by the colour reaction of sulphuric acid described 
ante, in all cases supplemented by its physiological action on frogs, f 

* Arck.f. Anat. u. Physi.nl . , 1879, p. 598. 

t It is known that curare may cause slight symptoms of excitation before tins 
paralysis oomes on, M. Couty lias succeeded iu isolating these symptoms by 
employing feeble extracts of Strythnas triplinixvin, or small (loses of certain native 
preparations. By these means, in dogs, a new plutse of intoxication may bo present 
for ten or even twenty minutes. In the lirst instance tlio animal is agitated, jump- 
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XII.— Colehicine. 

§ 507. The whole of the Colchicum autumnale, or common meadow* 
saftrou, is poisonous, owing to the presence of an alkaloid (discovered by 
Pelletier and Caventou) called Colchicine. 

According to Johannsou’s experiments, the dried colchicum seeds 
contain 1 * 15 per cent, of colchicine; the leaves, P459 per cent. ; the 
bulbs, from P4 to 1‘58 per cent ; and the roots, 0‘634 per cent. The 
frequent poisoning of cattle in the autumn by colchicum, its use in 
quack pills for rheumatism, and its supposed occasional presence in 
beer, give it an analytical importance. 

§ 508. Colchicine (C^H^NOy) may be extracted from the seeds, etc., 
in the manner recommended by Hiibler : — The seeds are treated, without 
crushing, by hot 30 per cent, alcohol, and the alcoholic solution evapo- 
rated to a syrup, which is diluted with twenty times its bulk of water 
and filtered ; the liquid is next treated with acetate of lead, again filtered, 
and the lead thrown out by phosphate of soda. Colchicine is now pre- 
cipitated as a tannate.* The precipitation is best fractional, the first 
aud last portions being rejected as containing impurities, The tan- 
uate is decomposed in the usual way with litharge and extracted by 
alcohol, 

A simpler method is, however, extraction by chloroform from an 
aqueous solution, feebly acidified, as recommended by Dragendorff. 

iug, scratching, barking, as if in a state of general hyperesthesia, Then it presents 
half ekorcic shocks or tremors ; the pupils dilate, and arc alternately dilated and 
contracted, The heart's action is increased or diminished in frequency ; sometimes 
there is vomiting, micturition, or defecation ; aud there is always salivation, Finally, 
the central aud peripheral temperatures are raised, and the excitability of the muscles 
and nerves becomes highly increased. With the native preparation of curare, it is 
impossible to prolong this stage, and symptoms of paralysis soon become associated 
with those of excitement The choreic shocks were found to be arrested by section 
of the sciatic nerve. Other experiments proved that tlie spasms originated from the 
spinal cord, and were influenced by its preceding functional condition, If tlie cord 
was tied in the mid-dorsal region, and the enrare injected, the spasms were still pro- 
duced iu tlie liind legs ; but if, after the operation, the excitability of the posterior 
segment became lowered, the spasm was no longer produced in the hind legs. This 
dependence on a porfeet functional activity is a point of difference of these spasms 
from those produced by strychnine, and by asphyxia. The action of small doses of 
curare is not, however, limited to the spinal cord, The diminished frequency of the 
heart continues after section of the pueumogastries, and will even occur if tlie 
pneumogastrics have been previously divided. From these facts M. Collty considers 
that curare mast not be regarded as entirely destitute of a "couvulsant” action, 
nor of an action 011 the central nervous system, 

* The purest tannic acid must be used, Tlie commercial tanllin may be purified 
by evaporating to dryness with litharge, exhausting tlie tannate of lead repeatedly 
with boiling alcohol and water, and, lastly, suspending in water, and separating the 
lead by SH. ; , 
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The parts of the plant are digested in very dilute acid water, and thi 
resulting solution concentrated and shaken up with chloroform, which i 
best done in a separating tube. 

Colchicine contains four methoxyl groups, and its constitutional 
formula is considered to be C 1!) H 9 [NH(CH 3 CO)](COOCH 8 )(OCH 3 ) 3 . 

Its melting-point is 1 43°-147°. It is usually a white, gummy mass 
It- is easily soluble in cold water, in alcohol, and in chloroform. Tli 
solutions are laevoiotatory. It is hardly soluble in ether. Boiling witl 
dilute acids or alkalies in closed tubes yields colclhceine, C 2 iH 23 NO„. 

Colehiceiue contains three methoxyl groups. It crystallises with 011 
molecule of water and melts at 140° ; when auhydrous it melts at 172 
It dissolves but little in cold, copiously in boiling water. Colchiceinc t 
a monobasic acid, forming salts with the alkalies, and colchicine is it 
methyl ester. 

Zeisel* lias formed acetotrinjethylcolchicinamide(NHAcC l5 H 3 (OMe' 
CONH 3 ) by heating colchicine with alcoholic ammonia in closed tube 
for four hours at 100°. The amide is crystallised from hot alcohol ; it i 
readily soluble in dilute HC1, almost insoluble in water ; when a stron 
hydrochloric acid solution of the amide is treated with a small amount c 
potassium nitrite a splendid violet colour is produced. 

§ 509, Tests, — Ferric chloride, if added to an alcoholic solution c 
the alkaloid, strikes a garnet-red ; if to an aqueous solution a green c 
brownish-greai ; uitric acid added to the solid substance gives a violc 
colour. Erdmann’s reagent (nitrosulphuric acid) gives in successic 
green, dark blue, aud violet colours, ultimately turning yellow, chauget 
on addition of an alkali, to raspberry -red. Mandelin’s reagent (1 grn 
of ammouium vanadate in 200 grins, of sulphuric acid) gives a groc 
colour. 

§510. Pharmaceutical Preparations. — Colchicine itself is officinal i 
Austria — the wine in the British, French, and Dutch, and the sec< 
themselves in all the pharmacopoeias. The wine of colchicum, ofticin 
in nearly all the pharmacopoeias, is made with very dilferent proportio: 
of seeds or bulbs. 

The tincture of colchicum is officiual in our own and in all tl 
Continental pharmacopoeias ;‘in the British, one part of seeds is exhausti 
by eight parts of proof spirit. 

A tincture of colchicum seeds, examined by Johannson, contain 1 
'18 percent of colchicine, and a tincture prepared from the bulbs \ 
per cent. 

Colchicum vinegar is not officinal in Britain, but one containing £ 
per cent, of acetic acid is so in the Netherlands, Germany, and Franc 
the strength appears to be about '095 per cent, of colchicine. 

* Mo7Mtsh,, tx. 1-30, 
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An extract of colchicum is officinal in Britain and France j and an 
acetic extract in Britain. The latter is the most active of all the 
pharmaceutical preparations of colchicum. 

Lastly, an oxymel of colchicum is in use in Germany, France, and 
the Netherlands. 

Quack and Patent Medicines. — In all specifics for gout the analyst 
will naturally search for colchicum. Most gout pills contain the extracts ; 
and liquids, such as "Reynolds’ gout specific,” the wine or the tincture, 
variously flavoured and disguised. 

The strength of the different pharmaceutical preparations may be 
ascertained by dissolving in chloroform, evaporating off the chloroform, 
dissolving in water (which is finally acidified by from 7 to 10 percent, 
of sulphuric acid), and titrating with Mayer’s reagent (see p, 264). If 
the solution is diluted so that there is about 1 part of colchicine in 
600 of the solution, then each c.c. of Mayer’s reagent equals 31 '7 mgrms. 
colchicine. 

§ 511. Fatal Dose, — In Taylor’s Principles of Medical Jurisprudence 
is meutioned an instance in which 3| drachms of colchicum wine, taken 
in divided doses, caused death on the fourth day. The quantity of 
the active principle in the colchicum wine, as found by Johannson 
( Dragendorff ), being O' 18 per cent., it follows that 24‘4 mgrms. ('378 
grain) were fatal, though not given as one dose, so that this quantity may 
be considered as the least fatal one. Casper puts the lethal dose of 
colchicine at from 25 to 30 mgrms. (’385 to ’463 grain). It is, however, 
incontestable that there are cases of recovery from as much as 70 mgrms. 
( 1 ‘08 grain), The lethal dose of the pharmaceutical preparations of 
colchicum may, on these grounds, be predicted from their alkaloidal corn 
tents, and, since the latter is not constant, in any medicodegal inquiry, 
it may be necessary, where facility is given, to ascertain the strength of 
the preparation administered, 

§512. Effects of Colchicine on Animals, — The researches of 
Rossbach show that the carnivorse are more sensitive to colchicine 
than any other order of mammals, Frogs show a transitory excite- 
ment of the nervous system, then there is loss of sensation, paralysis 
of motion, and of the respiratory apparatus ; the heart beats after 
the respiration has ceased. Death follows from paralysis of the 
respiration, The mucous membrane of the intestine is much congested 
and swollen, 

The senior author has seen cattle die from the effects of eating the 
meadow-saffron ; the animals rapidly lose condition, suffer great abdominal 
pain, and are generally purged, The farmers, in certain parts of the 
country, have had extensive losses from want of care and knowledge 
with regard to colchicum poisoning. 
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§ 513. Effects of Colchicine on Man. — Colchicine poisoning in man* 
is not very common : 2 deaths (accidental) are recorded in England and 
Wales during the ten years ending 1892, and a single death is also 
recorded in the Registrar-General’s returns for 1896. F. A. I'alclc was 
able to collect from medical literature, prior to 1880, 55 cases, and lie 
gives the following analysis of the cases: — In 2, colchicnm was taken 
for suicidal purposes ; of the unintentional poisouings, 5 were from too 
lar<re a medicinal dose of eolchicum wine, syrup, or extract, given in 
cases of rheumatism; in 13 cases, colcliicum was used as a purgative ; 
42 cases were owing to mistaking different preparations for drinks, or 
cordials — the tincture in 5, and the wine in 14, being taken instead of 
orange tincture, quinine wine, schnapps or Madeira ; in 1 case the corns 
were added to mulled wine, in another, the leaves consumed with salad ; 
in 16 cases (all children), the seeds of colchicum were eaten. Forty-six 
of the 55 died— that is, 83'7 per cent. 

In the remarkable trial at the Central Criminal Court, in 1862, of 
Margaret Wilson (Re g. v. Marg. Wilson), who was convicted of the 
murder of a Mrs. Somers, the evidence given rendered it fairly probable 
tha t the prisoner had destroyed four people at different dates by colchi- 
cum, The symptoms in all four cases were — burning pain in the throat 
and stomach, intense thirst, violent vomiting and purging, coldness and 
clamminess of the skin, excessive depression, and great weakness. One 
victim died on the second day, auother on the fifth, a third on the eighth, 
and the fourth on the fourteenth day. Schroff witnessed a case in which 
a man took 2 grms. (nearly 31 grains) of the corms ; in one and a half 
hours he experienced general malaise ; on the next day there were Hying 
muscular pains, which at length were concentrated in the diaphragm, 
and the breathing became oppressed ; there was also pain in the neigh- 
bourhood of the duodenum, the abdomen was inflated with gas ; there 
was a sickly feeling and faintness, Then came on a sleepy condition, 
lasting several hours, followed by fever, with excessive paiu in the head, 
noises in the ears, and delirium ; there was complete recovery, hut the 
abdomen continued painful until the fifth day. 

In another instauce, a gentleman, aged 50, t had taken twenty -eight 
of Blair’s gout-pills in four and a half days for the relief of a rheumatic 
affection. He suffered from nausea, griping pains in the belly, consider- 
able diarrhoea, vomiting, and hiccough ; towards the end there was 
stupor, convulsive twitchings of the muscles, paralysis, and death. The 
fatal illness lasted fourteen days ; lie was seen by three medical men at 
different dates — the first seems to have considered the case one of 

* For the curious epidemic of diarrhoea •which broke out in the Rhone Gorge iu 
1785, and was referred to colchicine, sec “Foods,” p. 248, 5tli edition. 

t See Lancet, 1881, vol, i. p. 368. 
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^iiarrhosa, the second one of suppressed gout ; but Dr. C. Dodd was 
struck with the similarity of the symptoms to those from an acrid 
Jpoison, and discovered the fact that the pills had been taken. These 
Jpills were examined by the senior author ; they were excessively hard, 
stud practically consisted of nothing else than the finely -ground colchicum 
corms j six pills yielded 8 mgrms. of colchicine, so that the whole twenty- 
eight would contain 39 mgrms. (-£ grain). Dr. Budd considered that the 
whole of the pills, which were of a stony hardness, remained in the 
"bowels for some time undigested, so that the ultimate result was the 
same as if the whole had been taken in one dose. 

§ 514. The general symptoms produced by colchicum are — more or 
less burning pain in the whole intestinal tract, vomiting, diarrhoea, with 
not unfrequently bloody stools ; but sometimes diarrhoea is absent. In 
single cases tenesmus, dysuria, and, in one case, hamiaturia have been 
noted. The respiration is usually troubled, the heart’s action slowed, 
the pulse small aud weak, and the temperature sinks. In a few cases 
there have been pains in the limbs ; cerebral disturbance is rare ; but in 
two cases (one described ante) there was stupor. Muscular weakness 
has been observed generally. In a few cases there have been cramps in 
the calves and in the foot, with early collapse aud death. 

Post-mortem Appearances. — Schroff found iu rabbits poisoned with 
from O' I to l'O grm. of colchicine, tolerably constantly enteritis and 
gastritis, and always a thick, pitch-like blood in the heart and veins. 
Oasper has carefully recorded the post-mortem appearances in four 
labourers, ages ranging from fifteen to forty years, who, finding a bottle 
of colchicum-wiiie, aud supposing it to be some kind of brandy, each 
drank a wine-glassful. They all died from its effects. In all four there 
was great hyperaemia of the brain membranes and of the kidneys. The 
large veins were filled with thick, dark, cherry-red blood, very. similar to 
that seen in sulphuric acid poisoning. There was an acid reaction of 
the contents of the stomach. The lungs were moderately congested. 
The mucous membrane of the stomach of the one who died first was 
swollen and scarlet with congestion ; with the second there was some 
filling of the vessels at the small curvature ; while the stomachs of the 
third and fourth were quite normal. In 5 cases described by Roux 
there was also hypenemia of the brain and kidneys, but no gastritis or 
enteritis. It is, therefore, evident that there are in man no constant 
pathological changes from colchicine poisoning. 

§515, Separation of Colchicine from Organic Matters, — W. 
Obolonski * bus recommended the following process : — The finely divided 
viscera are triturated with powdered glass and digested for twelve 
hours with alcohol. The liquid is squeezed out and the dry residue 
* Zcti. anal. Ukcux., xxix, 193. 
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washed with alcohol. The extract is concentrated at a temperature not 
exceeding 80°, and the cooled residue made up to the original volume 
with alcohol. The filtered liquid is evaporated as before, and this opera' 
tion repeated until no more clots separate on addition of water. The 
residue is then dissolved in water, the solution purified by shaking with 
light petroleum, and the colchicine finally extracted with chloroform. 

In cases of poisouing by colchicum at Berlin, Wittstock used the 
following process : — The contents of the stomach were mixed with a 
large amount of alcohol, a few drops of HC1 added, and the whole 
well shaken ; the fluid was then filtered, and the filtrate evaporated to 
a syrupy consistence at 37°. The resulting residue was dissolved in 
distilled water, the fat, etc., filtered off, and the liquid carefully evapo- 
rated, From the extract foreign matter was agaiu separated by treatment 
with alcohol and filtration, and the last filtrate was evaporated to a syrupy 
consistence. The syrupy fluid was taken up by distilled water, filtered, 
evaporated to 30 grins., and 2 grrns. of calcined magnesia with 90 grms. 
of ether were added, After a time, the ether was removed, and allowed 
to evaporate spontaneously, The residue was once more taken up with 
water, filtered from fat, etc., and evaporated. This final residue gave 
all the reactions of colchicine, In medicodegal researches, it must be 
remembered that colchicine is absorbed but slowly, a not insignificant 
portion remaining iu the bowels, with the faeces. 


XIIL— Muscarine and the Aetive Principles of Certain Fungi. 

§ 516, The Amanita Muscaria, or fly-blown agaric, is a very con- 
spicuous fungus, common in fir-plantations, about the sine aud shape of 
the common mushroom ; but the external surface of the pileus is of a 
bright red, or sometimes of a yellowish cast, and studded over with 
warts. The common name of the fungus denotes that it was used in 
former times as a popular insecticide ; the fungus was bruised, steeped 
in milk, and the milk exposed, in the same way as we now expose 
arsenical fly-papers. 

Some peculiar properties of the agaric have long been known to the 
natives of Kamschatka, and of the north-eastern part of Asia generally. 
They collect the fungi in the hottest months, and hang them up to dry. 
The fungus is then rolled up in a kind of bolus, and swallowed without 
chewing, One large, or two small, fungi will produce a kind of intoxi- 
cation, which lasts a whole day. It comes on in about two hours’ time, 
and is very similar to that of alcohol. There is a giddy feeling, the 
spirits are exalted, the countenance becomes flushed, involuntary actions 



5i 7, 5*8-] 


MUSCARINE, 


427 


and words follow, and sometimes loss of consciousness. It renders some 
persons remarkably active, and proves highly stimulant to muscular exer- 
tion ; by too large a dose violent spasmodic effects are produced, “ So 
very exciting to the nervous system in many individuals is this fungus, 
that the effects are often very ludicrous. If a person under its influence 
wishes to step over a straw or small stick, he takes a stride or a jump 
sufficient to clear the trunk of a tree A talkative person cannot keep 
silence or secrets, and one fond of music is perpetually singing. The 
most singular effect of the amanita is the influence which it has over the 
urine. It is said that from time immemorial the inhabitants have known 
that the fungus imparts an intoxicating quality to that secretion, which 
continues for a considerable time after taking it. I''or instance, a man 
moderately intoxicated to-day will, by the next morning, have slept 
himself sober, but (as is the custom) by taking a teacup of his urine 
he will be more powerfully intoxicated than he was the preceding day, 
It is, therefore, not uncommon for confirmed drunkards to preserve their 
urine as a precious liquor against a scarcity of the fungus. The intoxi- 
cating property of the urine is capable of being propagated ; for every 
one who partakes of it has his urine similarly affected. Thus, with a 
very few amanitas, a party of drunkards may keep up their debauch for 
a week. Dr. Laugsdorf mentions that by means of the second person 
taking the urine of the first, the third of the second, and so on, the 
intoxication may be propagated through five individuals.”*' 

§ 517. A few cases of poisoning by the fly-blown agaric from time to 
time have occurred in Europe, where it has been eaten in mistake for the 
edible fungi, or taken by children allured by the bright attractive colours. 
Iu these cases the poisonous symptoms noticed have been those of gastro- 
intestinal irritation, as shown by vomiting and diarrhoea, diluted t pupils, 
delirium, tetanic convulsions, slow pulse, stertorous breathing, collapse, 
and death. I 11 a few cases epileptic attacks and trismus have been 
observed, The course is usually a rapid one, the death occurring within 
twelve hours. In cases of recovery, convalescence has been prolonged. 

The post-mortem characteristics are not distinctive, a fluid con- 
dition of the blood, hypercemia of tlxc brain, liver, and kidneys have been 
noticed. 

§ 518. Muscarine. — These effects arc partly due to an undiscovered, 
toxic substance — which seems to be destroyed at the temperature of 
boiling water, and is probably of rather easy destructibility — and of a 
very definite poisonous alkaloid ( muscarine ) first separated by a complex 

* Lindley’s Vegetable Kingdom, 

t This is the more curious, for muscarine strongly contracts the pupil. It, how- 
ever, tends to prove what is stated in the text — viz., that there is more than one 
poisonous substance in Amanita, 
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process by Schmiedeberg and Koppe in 1869.* It is a trimethyl, 
ammonium base. Fischer has prepared a base very similar, but not 
identical, with muscarine ; the base on oxidation yielded betaine. 

Schmiedeberg and Hamack,f by oxidation of choline with nitric 
acid, obtained a base also very similar, but not identical, with natural 
muscarine : — 


(CH 3 ) 3 ^N 


/CHj-CH, -OH 
N)H 

Olioline, 


,OH„-CH(OH) 2 
+ 0— >(CH 3 ) 8 =N<^ 

X 0H 

Muscariuc (!). 


The true constitution of muscarine has not yet been determined. 

Muscarine is a colourless, strongly alkaline, syrupy fluid, which, if 
allowed to stand over sulphuric acid, becomes gradually crystalline, but 
liquefies again on exposure to the atmosphere It dissolves in water in 
every proportion, and also in alcohol, but is very little soluble in chloro- 
form, and insoluble in ethci', It is not precipitated by tannin : it forms 
salts with acids, and gives precipitates with auric chloride, phospho* 
tungstic, and pliosphomolybdic acids, and also with potassio. mercuric 
iodide, The hist precipitate is at first amorphous, but it gradually 
becomes crystalline. This was the compound used by the discoverers 
to separate the base. With many other general alkaloidal reagents 
muscarine forms no compound that is insoluble, and therefore gives no 
precipitate, such, &</., as iodine with potassio iodide, picric acid, and 
platinic chloride. Muscarine is a stronger base than ammonia, and 
precipitates copper and iron oxides from solutions of their salts. Mus- 
carine is very poisonous ; 2 to 4 nigrms. are sufficient in subcutaneous 
injection to kill cats in from two to twelve hours — larger doses in a 
few minutes ; but with rabbits the action is less intense. Cats beeome 
salivated, their pupils contract, they vomit, and are purged, the breathing 
becomes frequent, and there is marked dyspnoea. At a later stage the 
respirations are slower, and there are convulsions, and death. 

The alkaloid has also been tried on man. Doses of from 3 to 5 
nigrms,, injected subcutaneously, cause, after a few minutes’ profuse 
salivation, increased frequency of the pulse, nausea, giddiness, confusion 
of thought and myosis, but no vomiting, and no diarrhoea. Small 
quantities applied to the eye cause, after a few minutes, a derangement 
of the accommodation, but no change in the size, of the pupil ; larger 
quantities cause also myosis, which depends upon an excitement of the 
sphincter iridis, or of the ooulomotorius. 

§ 519, The actions of muscarine and atropine are to a great extent 
antagonistic, This is especially and beautifully demonstrated by the 

* l)as Muscarin, das giftige Alkaloid cles Fliegcnpilres. Leipzig, 1869. 

t Arch, f, exper, Path, , Bd. iv, u, v. 
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effects of the two substances on the frog’s heart. Tlie action of muscarine 
upon the heart is to excite the inhibitory nerve apparatus, while the 
action of atropine is to paralyse the same system. One mgrm. of mus- 
carine, injected subcutaneously into a frog, arrests the heart in diastole, 
but if a suitable dose of atropine is applied to the heart thus arrested, 
it begins to beat again ; or, if atropine is first given, and then muscarine, 
the heart does not stop. The muscarine heart, when it has ceased to 
beat, may be successfully stimulated by galvanism. Muscarine at first 
excites the respiratory centre, and then paralyses it. 

§ 520. Detection of Muscarine in the Body. — Muscarine itself is 
not likely to be taken as a poison or administered ; but if it is sought 
for in the fly-blown agaric, or in the tissues or organs of persons who 
have been poisoned by the fungus, the process of Brieger appears the 
best. The process depends upon the fact that muscarine gives a soluble 
mercuric chloride compound, and is not precipitated by chloride of 
platinum, whilst most other substances accompanying it give more or 
less insoluble precipitates. The substances are treated with water 
acidulated with hydrochloric acid, and the acidulated extract concentrated 
(best in a vacuum) to a syrup. The syrupy residue is now treated with 
water, and the solution precipitated by means of mercuric chloride 
solution an<l any precipitate filtered off; the filtrate is freed from 
mercury by SH 2 , and evaporated to a syrup ; the syrup is repeatedly 
extracted with alcohol, and the alcoholic solution precipitated with 
platinum chloride and any precipitate filtered off. The filtrate is freed 
from alcohol, and all the platinum thrown out of solution by SH 2 ; the 
aqueous filtrate is now concentrated to a small volume, and again 
platinum chloride added, any precipitate which forms is filtered off, and 
the final filtrate allowed to crystallise. If muscarine be present, a 
crystalline compound of muscarine platinum chloride will form. 

The crystals are usually octahedral in form, and have the composition 
(C,H u NO v Cl) 2 PtCl 4 ; the percentage of platinum is 30'41. 

It would probably be necessary to identify farther, by the action of 
the poison on a frog. 

§ 521. The Agaricus phalloides, a common autumn fungus, has been 
several times mistaken for . mushrooms, and has proved fatal; of some 
53 cases collected by Falck, no less than 40, or 75 per cent., were 
fatal ; the real mortality is much lower than this, for it is only such 
cases that are pronounced and severe which are likely to be recorded, 
The fungus contains a toxulbumiu which has been named “phallin.” 
The action of this toxalbumin is to dissolve the blood corpuscles ; ac- 
cording to Kobcrt, even 011 c 250,000th dilation produces '‘polycholie” 
with all its consequences, such as the escape of haemoglobin and its 
decomposition products in the blood and urine, multiple blood coagula- 



4^0 POISONS: THEIR EFFECTS AND DETECTION, [§ 522, 523 , 

tion through the fibrin ferment becoming free, and serious cerebral 
disturbance. If into a dog, cat, or rabbit, only 0'5 mgrm. of phallin be 
injected intravenously, within from twenty to thirty minutes blood 
from a vein shows that the serum has a red colour. 

The symptoms in man first appear in from three to forty -eight hours ; 
there is mostly diarrhoea, violent vomiting, with cramp in the legs, 
cyanosis, and collapse. There are also nervous phenomena, convulsions, 
trismus, and, in a few cases, tetanic spasms. The pulse, in seven cases 
described by Maschka, was very small, thready, and quick, but in others, 
again, small and slow. The pupils have in some cases been dilated, iu 
others unchanged. Death is generally rapid. In two of Maschka’s 
cases from sixty to sixty-eight hours after the investigation, hut in the 
rest from twelve to eighteen hours. Life may, however, be prolonged 
for several days. In a case recorded by Plowright,* in which a boy 
had eaten a piece of the pileus, death occurred on the fourth day. 

§ 522. The post-mortem appearances observed in Maschka’s seven 
cases were — absence of cadaveric rigidity, dilatation of the pupil, a dark 
red fluid condition of the blood, numerous ecchymoses in the pleura, in 
the substance of the lungs, the pericardium, the snb.stancc of the heart, 
the liver, kidneys, and spleen. The mucous membrane of the digestive 
canal presented nothing characteristic. In two cases there were a few 
ecchymoses, and in one the mucous membrane of the stomach was 
softened, red, and easily detached. In one case only were any remuants 
of the fungus found, by which the nature of the substauce eaten could 
be determined. The bladder in each case was full. In three cases a 
fatty degeneration of the liver had commenced. The same appearance 
was met witlmn some of the older cases related by Orfila. 

§ 523. The Agaricus pantherinus is said to be poisonous, although 
Hertwig found it to have no action when given to dogs. 

The Agaricus ruber, a bright -hued fungus, growing profusely fin 
the Hampshire coast, of a purple-red colour — the colouring-matter 
not only covering the pileus, but also extending down the stipe— is 
poisonous, aud has been chemically investigated by Phipson,t who has 
identified a colouring. matter ruberine, and an alkaloid ayary/.hriua. 
Agarythrine is separated by macerating the fuugus (from which the 
skin containing the colouriug-matter has been removed) as completely as 
possible in water acidulated with 8 per cent.' of hydrochloric acid. The 
filtered solution is neutralised by sodic carbonate, and the alkaloid 
shaken up with ether, On evaporation the ether leaves a white, some- 
what greasy-looking substance, having a bitter burning taste, and easily 
fusible into yellow globules, giving forth an odour like quinoleine; it 
is soluble in alcohol and ether, From Phipson’s observations it would 
* Lancet, 1879. f Chem, News, ]>. 199, 1882. 
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appear probable that the red colouring-matter is derived' from a decom- 
position of tliis alkaloidal substance. A rose-red colour is produced by 
the action of nitric acid, and chlorinated lime first reddens and then 
bleaches it. Buchwald* has recorded three cases of poisoning by this 
fungus ; the patients were labourers, who, after eating the fungus, 
suffered from vomiting, thirst, a “ drunken ” condition, cramp, albu- 
minuria, and disturbance of the sensory functions. The fungus causes 
in cats myosis, but is said not to affect rabbits. 

§ 524. The Boletus satanas, or luridus (Lenz), is poisonous ; very 
small quantities of the uncooked fungus caused in Lenz, who experi- 
mented upon its properties, violent vomiting. In cases in which this 
fungus has been eaten accidentally, the symptoms have been very similar 
to cholera. 

§ 525. The Common Morelle seems under certain conditions to be 
poisonous. From six to ten hours after ingestion there have appeared 
depression, nausea, jaundice, dilated pupils, and in the worst cases at the 
end of the first day, delirium, somnolence, and muscular cramps, followed 
by collapse aud death. In a case observed by Kromholz, the post- 
mortem appearances were jaundice, a dark fluid state of the blood, and 
hyperaemia of the brain and liver. Bostrom fed a dog with 100 grms. 
of the fresh young morelle ; the animal died on the third day, and the 
caualiculi of the kidney were found filled with the hsemoglobin, partly 
amorphous, and partly crystalline, f 


DIVISION II.— GLUCOSIDES. 


I.— Digitalis Group. 

§ 526. The Digitalis purpurea, or foxglove, is a plant extremely 
common in most parts of England, and poisoning may occur from the 
accidental use of the root, leaves, or seeds. The seeds are very small 
and pitted; they weigh 1126 to a grain (Guy), are of a light brown 
colour, and iu form somewhat egg-shaped. The leaves are large, ovate, 
crenate, narrowed at the base, rugous, veined, and downy, especially on 
the under surface. Their colour is a dull green, and they have a faint 
odour and a bitter, nauseous taste. The leaf is best examined in section. 

* Induslr . Bl., 1876. 

+ See Casper’s Viertelj., 1841; Keber, Preuss. Vereinszeitg., 1846; Bostrbm, 
Ber. d, PKys, Med, Soc., Urlangen, 1880; Sehauenstein, "Giftige Seliwamme” in 
Maschka’s Handbuch, etc. 
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Its epidermis, when fresh, is seen to consist of transparent, hexagonal, 
colourless cells, beneath which, either singly or in groups, there are 
round cells of a magenta tint, and beneath these again a layer of 
columnar cells, and near the lower surface a loose parenchyma. The 
hairs are simple, appearing scantily on the upper, bnt profusely on the 
lower, surface j each is composed of from four to five joints or cells, and 
has at its base a magenta-coloured cell. The small leaves just below the 
seed-case, and the latter itself, are studded with glandular hairs. The 
root consists of numerous long slender fibres. 

§ 527. Chemical Composition. — It is now generally accqited that 
there exist in the foxglove, at least, four distinct principles — digitalin , 
( ligitonin , digitoxin, and digital&in , Besides these there arc several 

others of more or less definite composition, which are arc all closely 
related, and may be derived from a complex glucosidc by successive 
removals of hydrogen in the form of water, 

§ 528. Digitalein is a colourless, amorphous body, probably a mixture easily 
soluble iu water and in cold absolute alcohol. It may be precipitated from an 
alcoholic solution by the addition of much ether. It is with difficulty soluble in 
chloroform, and insoluble in ether. It is precipitated from a watery solution by 
tannin, or by basic lead acetate ; saponification by dilute acids splits it up into 
glucose and digitalerettu. It lias a sharp, acrid taste, and the watery solution froths 
on shaking. 

§ 529. Digitonin may be obtained in crystals by treating Gonnan digitalin with 
water, adding alcohol to the solution, and then shaking with other ; after a tilin'. 
crystals separate, CogHjjOu + H..0 ; the crystals are easily soluble in hot water or 
alcohol; with warm concentrated HC1 it forms a yellow solution which quickly 
becomes green ; it is precipitated by tannic acid, lead acetate, and ammonia, lait not 
by maguesic nor ammonium sulphate. Sclimiedebeig’s amorphous and ltiliani’s 
crsytalline digitonin are, accordiug to Cloetta,* different substances ; on the «tluir 
hand, Hiliani (Arch. Pharm., 1905, eexliii.) thinks Cloettu’s compound is a mixture, 
and that it cannot be represented l«y such a simple formula as 

Digitogenin is insoluble in water and aqueous alkalies ; it is somewhat 
soluble in alcohol, chloroform, and glacial acetic acid ; it forms a crystal- 
line compound with alcoholic potash, which is strongly alkaline, and not 
very soluble in alcohol. 

§ 530. Digitalin, C 35 H 50 O 14 , when perfectly pure, forms fine, white, 
glittering, hygroscopic needles, or groups of crystalline tufts ; it is 
without smell, but possesses a bitter taste, which is at 'once of slow 
development and of long endurance. On warming, it becomes soft 
under 100 , and, above that temperature, is readily decomposed with 
evolution of white vapours, It is insoluble in water, in dilute soda 
solution, in ether, and in benzene. It is soluble in chloroform, especially 
iu chloroform aud alcohol, and dissolves easily in warm acetic acid j 
twelve parts of cold and six of boiling alcohol of 90 per emit, dissolve 
* Cloetta, Max, Arch.fr, exp. Pluinu., 1901. 
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one of digitalin. On hydrolysis it yields digitalose * CJyH 14 Oj. Con- 
centrated sulphuric acid dissolves it with the production of a grecu 
colour, which by bromiue passes into violet-red, but on the addition 
of water becomes green again. Hydrochloric acid dissolves it with the 
production of a greyish-yellow colour, passing gradually into emerald 
green ; water precipitates from this solution a resinous mass. 

§ 531. Digitaletin. — A substance obtained by Walz on treating his digitalin by 
dilute acids. It is crystalline, and its watery solution tastes bitter. It melts at 
175°, aud decomposes, evolving an acid vapour at about 206°. It dissolves in 848 
parts of cold, and 222 of boiling, water ; in 3 '5 parts of cold, and in from 2 to 4 of 
boiling, alcohol. It is with difficulty soluble in etlier. It dissolves in concentrated 
sulphuric acid, developing a red-brown colour, which, ou the addition of water, 
changes to olive-green. On boiling with dilute acids, it splits up into sugar and 
digitaleretin. 

§ 532. Digitoxin, C 31 H fj0 0 10 (according to H. Kiliani, C 34 H 54 O n ), 
is considered the most active poisonous constituent of digitalis leaves ; 
although the experiments of Hans Ziegenbein (Arch. JPharm., 1902), on 
the heart of a frog, with extracts from dried leaves in which the con- 
tent oi digitoxin was ascertained, show that such extracts are far more 
toxic than could be predicated from the amount of digitoxin found. 
Similar facts maybe shown as to muscarine and other extracts containing 
alkaloids ; associated glucosidesor, possibly, unknown toxines heightening 
the toxic effect. 

§ 532a. Separation of Digitoxin from Organic Matters. — Digitoxin 
may be estimated by Keller’st method, which is as follows : — Twenty grms. 
of the powdered leaves are exhausted by percolation with 300 c.c. of 70 per 
ceut. alcohol, aud the alcohol got rid of by evaporating down in a porcelain 
dish on the water-bath to about 25 guns. ; the residue is taken up with 
water until the weight is brought up to 222 grms. To the turbid 
solution 25 grms. of lead acetate are added, which produce a copious 
precipitate. The thick liquid is transferred to a filter 10 c.m. diameter, 
aud 132 grms. filtered through. To the clear filtrate, 5 grms. of sodium 
hyposulphite dissolved in 7 gnus, of water arc added to precipitate the 
excess of lead, The lead precipitate is separated by filtration, 2 c.c. of 
10 per ceut. ammonia solution added, and the liquid transferred to a 
separating funnel and shaken out four or five times with chloroform. The 
chloroformic extract is filtered through a double filter previously soaked 
by chlorofomi, and obtained in this way clear. On distilling the chloro- 
form, the digitoxin is obtained as a yellow varnish. It is dissolved in 
3 grms. of chloroform, and precipitated in flocks by 7 grins, of ether 
and 50 grms. petroleum ether, The precipitate is collected in a small 
filter, and washed with petroleum ether. The residue, still moist, is 
dissolved in hot absolute alcohol, the alcoholic solution evaporated, the 

* H, Kiliiuii, Ber, 1898, xxxi. t Zeit. f. Anal. Ohem., 1900, 257. 

28 
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residue treated with 5 c.c. of ether and allowed to evaporate iu the 
water-bath ; it now becomes partly crystalline and may be completely 
dried and then weighed. 

Dioscoride Vitali ( Chem . Gentr., 1900) isolates digitoxin from the 
tissues by extracting with dilute alcohol, evaporating the alcoholic 
extract to a small bulk ; the residual liquid is treated with lead acetate, 
and then with sodic sulphate to get rid of the excess of lead ; after 
filtration the filtrate is alkalised as in the previous process with ammonia, 
and shaken with chloroform ; the chloroform extract may be treated as 
in Keller’s process. 

On hydrolising with alcoholic soda digitoxin breaks up into digi* 
toxegenin, C 22 H 31 0 4 H, and digitoxose, C 9 H 1£l O 0 , thus ; — 

c 31 h 50 o 10 = C 9 H 18 0 6 + C 22 H 32 0 4 . 

§ 533. Ligitaleretin, a decomposition product of digitalin, is a yellowish'white 
amorphous powder, possessing no bitter taste, melting at 60°, soluble in ether oriu 
alco hoi, but insoluble in water. 

Paradigitaletin is very similar to the above, but it melts at 100°, and is insoluble 
in ether. 

§ 534. Several other derivatives have been obtained and described, 
such as the inert digitin , digitedaenn, digitalein, and others, but their 
properties are, as yet, insufficiently studied. 

§ 535. Reactions of the Digitalins.— 0'01 grm. of digitonin dissolved 
in 5 c.c. of HC1 (sp. gr, 1'19) and heated on the water-bath gives a 
liquid, at first yellow, then deep red and finally dark blue. This re- 
action thus serves to distinguish digitonin from the three other con- 
stituents, as well as from saponin ; but digitalin gives somewhat similar 
reactions. 

Sulphuric and gallic adds colour the glucosides of digitalin, digitalein, 
and digitonin, red, but not digitoxin, which can be identified in this 
way. 

Sulphuric acid and bromine give with digitalin a red, and with digi- 
talein a violet coloration, which, on the addition of water, change re- 
spectively into emerald and light green. This, the most important 
chemical test we possess, is sometimes called Grandeau’s test ; it is not 
of great delicacy, the limit being about 0'1 mgrm. 

§ 536. Pharmaceutical Preparations of Digitalin. — Digitalin itself 
is officinal in the French, Belgium, Portuguese, Russian, Spanish, and 
Austrian pharmacopoeias, It is prepared in our own by making a strong 
tincture of the leaves at 120° F. ; the spirit is then evaporated off, and 
the extract heated with acetic add, decolorised by animal charcoal, 
and filtered. After neutralisation with ammonia, the digitalin is pre- 
cipitated with tannin, and the tannate of digitalin resolved into tannate 
of lead and free digitalin, by rubbing it with oxide of lead and spirit. 
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Digitalis leaf is officinal in most of the pharmacopoeias. 

Tincture of digitalis is officinal in our own and all the Continental 
pharmacopoeias, and an ethereal tincture is used in France and 
Germany. 

An A cetum digitalis is officinal in the Netherlands and Germany; 
an extract and infusion are also used to some extent. 

With regard to the nature of the active principle in these different 
preparations, according to Drageudorff, digitonin and digitalein are 
most plentiful in the acetic and aqueous preparations ; whilst in the 
alcoholic, digitaliu, digitoxiu, and digitalein are present. 

According to Schmiedeberg, commercial digitalin contains, in 
addition to digitoxin ; digitonin, digitalin, and digitalein ; of these, 
digitonin is greatest in amount,* 

§ 537, Fatal Dose, — The circumstance of commercial digitalin con- 
sisting of varying mixtures of digitoxin, digitalin, and digitalein, renders 
it difficult to be dogmatic about the dose likely to destroy life. Besides, 
with all heart-poisons, surprises take place ; and very minute quantities 
have a fatal result when administered to persons with disease of the 
heart, or to such as, owing to some constitutional peculiarity, have a 
heart easily affected by toxic agents. Digitoxin, according to Kopp’sf 
experiments, is from six to ten times stronger than digitalin or digitalein. 
Two mgrms. caused intense poisonous symptoms. Digitoxin is con- 
tained in larger proportions in Nativelle’s digitalin than in Homolle’s, or 
in the German digitalin. The digitalin of Homolle is prescribed in 
1 mgrm. (0‘015 grain) doses, and it is thought dangerous to exceed 6 
mgrms. 

Lcmaistre has, indeed, seen dangerous symptoms arise from 2 mgrms. 
(0'03 grain), when administered to a boy fifteen years old. It may be 
predicated from recorded cases and from experiment, that digitoxin 
would probably be fatal to an adult man in doses of 4 mgrms. (-i grain), 
and digitaliu, or digitalein, in doses of 20 mgrms. (0'3 grain). With 
regard to commercial digitalin, as much as from 10 to 12 mgrms. (0T5 
to 0'13 grain) have been taken without a fatal result; on the other 
hand, 2 mgrms. gave rise to poisonous symptoms in a woman (Battaille), 
Such discrepancies are to lie explained on the grounds already men- 
tioned. It is, however, probable that 4 mgrms. (or grain) of ordinary 
commercial digitalin would be very dangerous to an adult. 

It must also, in considering the dose of digitaliu, be ever remembered 
that it is a cumulative poison, and that the same dose, harmless, if taken 
once, yet frequently repeated, becomes deadly : this peculiarity is 
shared by all poisons affecting the heart. When it is desired to settle 
* H, Kiliaui, Br.r, , xxiii, 

t Archiv /, exp. Pathol, u, Pharm,, vol. iii. p. 284, 1875, 
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the maximum safe dose for the various tinctures, extracts, and infusions 
of digitalis used in pharmacy, there is still greater difficulty a difficulty 
not arising merely from the varying strength of the preparations, but 
also from the fact of the vomiting' almost invariably excited by large 
doses. Individuals swallow quantities without death resulting, simply 
because the poison is rapidly expelled ; whereas, if the oesophagus was 
ligatured (as in the experiments on the lower animals formerly favoured 
by the French school of toxicologists), death must rapidly ensue. The? 
following table is a guide to the maximum single dose, and also the 
amount siife to administer in the twenty*four hours in divided doses. 
As a general rule, it may be laid down that double the maximum close is 
likely to be dangerous ; — 


TABLE SHOWING THE MAXIMUM SINGLE DOSE, AND MAXIMUM 
QUANTITY OF THE DIFFERENT PREPARATIONS OK DIGITALIS, 
WHICH CAN BE ADMINISTERED IN A DAY. 



Single Dose. 

Pur Ony. 


Grains or 
Minims. 

Grammes 
or *;.c‘s. 

Grains rrt* 
Mi»in>s. 

Cl mounts 
tft‘ 

Powdered Leaves, 
Infusion, . 
Tincture, . 
Digitalin, . 
Extract, . 

grits. 
ISO m. 

45 in. 
•03 gru. 
3-0 „ 

•3 grin. 
28-3 c.e. 

3 c.e. 
‘002 grm. 
•2 „ 

1 .V 4 gras. 
1440 m. 
135 in. 
•09 g-rii. 
12'0 ,, 

1-0 grin, 
s t -i) U.1-. ! 

9 u. i'. ! 

•000 gnu. 

'8 „ 


§ 538. Statistics. — The main knowledge which we possess of the 
action of digitalis is derived from experiments on animals, and from 
occasional accidents in. the taking of medicines ; bnt in comparison with 
certain toxic agents more commonly known, the number of cases of 
death from digitalis is very insignificant. Of 42 cases of digitalis, 
poisoning collected by Husemann, 1 was criminal (murder) ; 1 the 
result of mistaking the leaves for those of borage ; 42 wore caused in 
medicinal use — in 33 of these last too large a dose had been given, in 3 
the drug was used as a domestic remedy, in 2 of the oases the prescript 
tiou was wrongly read, and iu 1 digitalis was used as a secret remedy. 
Twenty-two per cent, of the 45 were fatal, 

ii 539. Effects on Man. — It was first distinctly pointed out by Tur* 
dieu that toxic doses of digitalis, or its active principles, produced not 
only symptoms referable to an action on the heart, but also, in no small 
degree, gastric and intestinal irritation, similar to that produced by 
arsenic. Tardieu also attempted to distinguish the symptoms produced 
by_the pharmaceutical preparations of digitalis (the tincture, extract, 
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etc.), and the glucoside digitalin ; bnt there does not appear a sufficient 
basis for this distinction. The symptoms vary in a considerable degree 
in different persons, and are more or less tardy or rapid in their develop, 
ment, according to the dose. Moderate doses continued for some time 
(as, for example, in the persistent use of a digitalis medicine) may pro* 
dnee their first toxic effects even at the end of many days ; bnt when a 
single large dose is taken, the symptoms are rarely delayed more than 
three hours. They may commence, indeed, in half an hour, but have 
been known to be retarded for more than tvventy.four hours, aDd the 
longer periods may be expected if digitalis is given in lmrd, not easily 
soluble pills. There is commonly a feeling of general malaise , and then 
violent retching and vomiting. The pulse at first may be accelerated, 
but it soon is remarkably slowed — it sinks commonly down to 50, to 
40, aud has even been known as low as 25. To these symptoms, refer- 
able to the heart and to the digestive tract, are added nervous troubles ; 
there arc noises in the ears, and disturbances of vision. In a case re* 
lated by Taylor, a red-coal fire seemed to the patient to be of a blue 
colour ; in another, related by Lersch,* there was blindness for eighteen 
hours, aud for some time a confusion in the discrimination iu colours ; 
quiet delirium has also been noticed. As the case proceeds, the gastric 
symptoms also increase in severity ; the tougne Christison, in one case, 
noticed to be enormously swollen, aud the breath feetid. l.'iarrlioea is 
commonly present, although also sometimes absent. The action of the 
kidneys is suppressed. Hiccough and convulsions close the scene 

In the cumulative form, the symptoms may suddenly burst out, and 
the person pass into death iu a fainting-fit without any warning. As a 
rare effect, hemiplegia may be mentioned. 

This brief resumh of the symptoms maybe further illustrated by the 
following typical cases: — A recruit, aged 22, desiring to escape from 
military service, went to a so.called “ Freimacher” who gave him 100 
pills, of which he was to take eight hi two doses daily. Eleven days 
after the use of the pills, he became ill, and was received into hospital, 
where he suddenly died after three weeks’ treatment. His malady was 
at first ascribed to gastric catarrh ; for he suffered from loss of appetite, 
nausea, and constipation. He complained of pain in the head, and 
giddiness. His breath smelled badly, and the region of the stomach 
was painful on pressure. The pulse was slow (56), the temperature of 
the body normal. Towards the end, the pulse sank to 52 ; he suffered 
from vomiting, noise in the ears, troubles of vision, great weakness, and 
later, hiccough and swelling in the neck. The mere act of standing up 
in order to show his throat caused him to faint ; on the same day on 
which this occurrence took place, he suddenly died on the way to the 
* Rlun,, West, Cot. Bl, , 15, 1848 ; Husemann in Masehka's IBandbuch. 
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nio’htstool. Thirteen of the pills were found in the patient’s clothes, 
and from a chemical and microscopical examination it was found that 
they contained digitalis leaf in fine powder. The quantity which the 
unfortunate man took in the four weeks was estimated at 13 7 grms. 

( = about 211 grains). 

Two of his comrades had also been to the “ Jf-reimacher,” and had 
suffered from the same symptoms, but they had left oft' the use of the 
medicine before any very serious effect was produced. * f 

An instructive ease of poisoning by digitoxiu occurred in the person 
of Dr. Koppc, in the course of some experiments on the drug. Mo had 
taken T5 mgrm. in alcohol without result ; on tbc following day (May 14) 
lie took 1 mgrm. at 9 a.m., but again without appreciable .symptoms, 
p'our days later he took 2 mgrms. in alcoholic solution, and an hour 
afterwards felt fault and ill, with a feeling of giddiness ; the pulse was 
irregular, of normal frequency, 80 to 84. About three hours after 
taking the digitoxiu, Dr. Koppe attempted to take a walk, hut the 
nausea, accompanied with a feeling of weakness, became so inteusc that 
lie was obliged to return to the house. Five hours after the dose, his 
pulse was 58, intermittent after about every 30 to 50 beats. Vomiting 
set in, the matters he threw up were of a dark green colour; after 
vomiting he felt better for a quarter of an hour, then he again vomited 
much bilious matter ; the pulse sank to 40, and was veiy intermittent, 
stopping after every 2 or 3 beats. Every time there was an intermission, 
he felt a feeling of constriction and uneasiness iu the chest. Six and a 
quarter hours after the dose there was again violent vomiting and 
retching, with paleness of the face, The mnSeniar weakness was so 
great that be could not go to bed without assistance. He had a disorder 
of vision, so that the traits of persons well-known to him were changed, 
and objects had a yellow tint, He had a sleepless night, the nausea 
and vomiting continuing, During the following day the symptoms 
were very similar, and the pulse intermittent, 54 per minute. Me 
passed another restless night, his short sleep being disturbed by terrible 
dreams. On the third day ke was somewhat better, the pulse was 00, 

* Kohnhorn, Vicrtcljhrsschr, f. ger. Med., 1876, u, F. xxiv. p. 402, 

t There is an interesting case on record, in which a woman died i'rinn the ex- 
pressed. juice of digitalis, She was twenty-seven years of age, and took a large 
uuknown quantity of the freshly expressed juice for the purpose of relieving n dwell- 
ing of the limbs. The symptoms came on almost immediately : she was very sick, 
and was attacked by a menorrhagia. These symptoms continued for several days 
with increasing severity, but it was not until the fifth day that she obtained medical 
assistance, She was then found semi-comatose, the face pale, pulse slow, epigastrium 
painful on pressure, diarrhoea and hiceough were frequent. She died on the twelfth 
day, The post-mortem appearances showed nothing referable to digitalis save a few 
spots of inflammation on the stomach. — Caussd, Bull, dc Th&rapcutiquo, vol, lvi. 
p. 100 s Brit, and For. Med. Chir. Review, vol. xxvi,, 1860, p. 623. 
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but irregular and still intermittent ; the nausea was also a little abated. 
The night was similar in its disturbed sleep to the preceding. He did 
not regain his full health for several days.* 

A third case may be quoted, which differs very markedly from the 
preceding, aud shows what a protean aspect digitalin poisoning may 
assume. A woman, tweuty.three years old, took on June 26th, at 7 a.m., 
for the purpose of suicide, 16 granules of digitalin. Two hours later 
there was shivering and giddiness, so that she was obliged to go to bed. 
In the course of the day she had hallucinations. In the evening at 
8 p.m., after eating a little food, she had a shivering fit so violent that 
her teeth chattered ; there was cold sweat, and difficulty in breathing ; 
she became gradually again warm, but could not sleep. At 1 a.m. the 
difficulty of breathing was so great that she dragged herself to the 
window, and there remained until 3 a.m., when she again went back to 
bed, slept until 7 a.m,, aud woke tolerably well. Since this attempt of 
selfdestructiou had failed, she took 40 granules. After one hour she 
became giddy, had hallucinations, chilliness, cold sweats, copious vomit- 
ing, and colicky pains ; there was great muscular weakness, but no 
diarrhoea. Towards evening the vomiting became worse. There was 
no actiou of the bowels, nor was any urine passed ; she felt as if her 
eyes were prominent and large. The sufferings described lasted during 
the whole night until five o’clock the following day, when the vomiting 
ceased, whilst the hallucinations, chilliness, and cold sweat continued ; 
aud the thirst, sick feeling, and weakness increased. The next morning, 
a physician found ha' motionless in bed, with pale facQ notable double 
exophthalmus, dilated pupils, and cold skin, covered with sweat ; the 
pulse was small and intermittent, sometimes scarcely to be felt (46 to 
48 per minute) ; the epigastrium was painful on pressure. She passed 
this second night without sleep, and in the morning the pulse had risen 
from 56 to 58 beats, but was not quite so intermittent. There was 
some action of the bowels, but no urine was passed, nor had any been 
voided from the commencement ; the bladder was not distended. The 
following (third) day some rcd-coloured, offensive urine was passed ; the 
skin was warmer, and the pulse from 60 to 64, still somewhat inter- 
mittent — from tliis time she began to improve, and made a good 
recovery, t 

§ 540. Physiological Action of the Digitalins. — Whatever other 
physiological action this group may have, its effect on the heart’s action 
is so prominent and decided, that the digitalins stand as a type of heart 
poisons , The group of heart poisons has been much extended of late 

* Arch. J. exp. Path , u. Pharm., vol, iii. p. 289, 1875. 

t Related by Ducroix : De FPmpoisonnement par la DUjitale et la Dvjitaliiu:. 
Paris, 1864, 
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years, and lias been found to include the following : — Antiarin, an arrow 
poison ; lielleborin, a glucoside contained in the hellebore family ; a 
glucoside found in the Apoeynaceai, Thevatia neriifolia, and Thevatia 
iccotli ; the poisonous principle of the Nerium oleander and N. odoram ; 
the glucoside of Tanglvinia venenifera ; eonvallamarin, derived from the 
species of Couvallaria ; scillotoxin, from the squill ; superbin, from the 
Indian lily ; stropliantin, from the seeds of Strophanthu s hispidus ; 
euonymotoxin, from Euonymus atropurpureus ; urecthin and uroehn 
toxin, from Urechilis suberecta ; and the alkaloid crythrophlein from 
the Enjthrophlceum judiciale (sec p. 447 et seq. ). This list is yearly 
increasing, 

§ 541. local Action. — The digitalins have an exciting or stimulating 
action if applied to mucous membranes — e.g. if laid upon the nasal 
mucous surface, sneezing is excited ; if applied to the eye, there is red- 
ness of the conjunctiva; with smarting ; if to the tongue, there is much 
irritation and a bitter taste. The leaves, the extract, and the tincture 
all have this directly irritating action, for they all redden and inflame 
mucous membranes. 

§ 542. Action on the Heart. — The earlier experimenters on the 
influence of digitalis on the heart were Stannius and Traubc. Stannins * 
experimented on cats, and found strong irregularity, and, lastly, cessation 
in diastole, in which state it responded no longer to stimuli. Rabbits 
and birds — especially those birds which lived on plants — were not so 
susceptible, nor were frogs, 

Traube f made his researches on dogs, using an extract, and adminis- 
tering doses which corresponded to from 0'5 to 4‘0 grms. He divided 
the symptoms witnessed into four stages : — 

1st Stage, — The pulse frequently diminishes, while the pressure of 
the blood rises, 

2nd Stage, — Not seen when large doses arc employed ; pulse 
frequency, as well as blood pressure* abnormally low, 

3rd Stage, — Pressure low, pulse beats above the normal frequency, 

The curves in accompanying figure illustrate one of Traube’s experi- 
ments on blood pressure and pulse frequency in a dog treated by 
intravenous injections of digitalis infusion, and illustrates the three 
stages just described, 

The slowing of the heart \ is attributed to tire stimulus of the iuhibi- 

* Arch.f Physiol., 1852, 

t Ann. d. Charitl-KrankenhaMses, vol. ii, p. 785, 

% Slowing of the pulse was mentioned first by Withering {An Account oj the 
Foxglove, Loud., 1785). Beddoes afterwards observed that digitalis increased the 
force of the circulation, -the slowing of the pulse not being always observed ; accord- 
ing to Ackermann , if the inhibitory apparatus is affected by atropine, or if the patient 
is under deep narcosis, the slowing is absent, 
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tory nerves, but the later condition of frequency to their paralysis. 
After the section of the vagi the slow pulse frequently remains, and this 
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Citrve showing changes in the pulse, and arterial tensiou produced by 
intravenous injection of infusion of Digitalis in a dog. 


is explained by the inhibitory action of the cardiac centre. The vagus, 
in point of time, is paralysed earlier' than the muscular substance of the 
heart. 

The increased blood pressure Tran be attributed to increased energy 
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of the heart’s contraction, through the motor centre being stimulated 
later ; the commencing paralysis explains the abnormally low pressure. 

There is, however, also an influence on vaso-motor nerves. What 
Dr. Johnson has described as the “ stopcock ” action of the small arteries 
comes into play, the small arteries contract and attempt, as it were, to 
limit the supply of poisoned blood. Ackennann,* * * § indeed, witnessed this 
phenomenon in a rabbit’s mesentery, distinctly seeing the arteries 
contract, and the blood pressure rise after section of the spinal cord. 
This observation, therefore, of Ackermann’s (together with experiments 
of Bohm f and L, Brunton |) somewhat modifies Traube’s explanation, 
and the views generally accepted respecting the cause of the increased 
blood pressure may be stated thus : — The pressure is due to prolongation 
of the systolic stroke of the cardiac pump, and to the "stopcock” action 
of the arteries ; in other words, there is an increase of force from behind 
(vis a tergo), and an increased resistance in front (vis a fronte). 

§ 543. Action of the Digitalins on the Muco-Intestinal Tract and 
other Organs. — In addition to that on the heart, there are other actions 
of the digitalins ; for example, by whatever channel the poison is intro- 
duced, vomiting has bean observed. Even in frogs this, in a rudimentary 
manner, occurs. The diuretic action which has been noticed in man 
is wanting in animals, nor has a lessened diminution of urea been 
confirmed. 

Ackermanu found the temperature during the period of increased 
blood pressure raised superficially, but lowered internally. According 
to Boeck § there is no increase in the decomposition of the albuminoids. 

§ 544. The Action ofLigitalin on the Common Blow-fly. — The senior author has 
studied the effects of digitaliu, made up into a thin paste with water, and applied to 
the head of the common blow-fly. There air at once great signs of irritation, the 
sucker is extruded to its full length, and the fly works its fore feet, attempting to 
brush or remove the irritating agent. The next symptom is a difficulty in walking 
up a perpendicular glass surfaee. This difficulty increases, but it is distinctly 
observed that weakness and paralysis occur in the legs before they are seen in the 
wiugs. Within an hour the wings become paralysed also, and the fly, if jerked from 
its support, falls like a stone. The insect becomes dull and motionless, and ulti- 
mately dies in from ten to twenty-four hours. A dose, in itself insufficient to destroy 
life, does so on repetition at intervals of a couple of hours. The observation is not 
without interest, inasmuch as it shows that the digitalins are toxic substances to 
the muscular substance of even those life-forms which do not possess a heart. 

g 545, Action of the Digitalins on the Frog’s Heart. — The general 
action of the digitalins is best studied on the heart of the frog. Drs. 
Fagge and Stevenson have shown || that, under the influence of digitalin, 

* Deutsch, Arch./. Min, Med,, vol. xix. p. 125. 

t Archiv f, d. Ges, Phys., vol. v, p, 153, 

+ On Digitalis, with some Observations on the Urine, Lond., 1868. 

§ Intoxication, p, 404, || Guy’s Hospl. Reports, 3rd ser., vol. xii. |>. 37. 
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there is a peculiar form of irregularity in the beats of the heart of the 
frog ; the ventricle ultimately stops in the white contracted state, the 
voluntary power being retained for fifteen to twenty minutes after- 
wards ; in very large doses there is, however, at once paralysis. Lander 
Brauton* considers the action on the heart to essentially consist in the 
prolongation of the systole. 

Atropine or curare have no influence on the heart thus poisoned. If 
the animal under the influence of digitalin be treated with muscarine, 
it stops in diastole instead of systole. On the other hand, the heart 
poisoned by muscarine is relieved by digitalin, and a similar' influence 
appears to he exercised by atropine. The systolic stillness of the heart 
is also removed by substances which paralyse the heart, as delphinin, 
saponin, and apomorphin. 

Large doses of digitalin, thrown suddenly on the circulation by intra- 
venous injection, cause convulsions and sudden death, from quick palsy 
of the heart. With frogs under these circumstances there are no con- 
vulsions, but a reflex depression, which, according to Weil t and 
Mcihuizen,) disappears on decapitation. The central cerebral symptoms 
are without doubt partly due to the disturbance of the circulation, and 
there is good ground for attributing them also to a toxic action on the 
nervous substance. The arteries are affected as well as the heart, and 
are reduced in calibre ; the blood pressure is also increased. § This is 
essentially due to the firm, strong contraction of the heart, and also to 
the “stopcock ” action of the small arteries. |j 

§ 546. Post-mortem Appearances, — In the case of the recruit 
poisoned by digitalis leaf (p. 437), the blood was found dark and fluid ; 
the right ventricle and auricle of the heart were filled with blood ; the 
loft empty; the brain and its membranes were ansemic ; the stomach 
and mucous membrane of the intestines were in parts ecchymosed, and 
there were patches of injection. In the case of the widow De Pauw, 
poisoned with digitalin by the homoeopath (Conty dc la Pommerais), 
the only abnormality discovered was a few hypencmic points in the 

* On Dijitalit, with some Observations on the Urine, Loud., 1868. 

t Archiv f. Anal, u, Physiol., 1871, p. 282, 

J Archiv /. d, Ges. Physiol., Vol. vii. }>. 201. 

§ Tlic following is a brief summary of observations on the blood pressure ; four 
stages may be noticed— (1) Rise of normal blood pressure, not necessarily aceom. 
panied with a diminution of pulse frequency ; (2) continuation of brightened blood 
pressure, the pulso being raised beyond the normal rate ; (3) continued high pressure, 
with great irregularity of the heart and intermittent pulse ; (4) quick depression of 
pressure, sudden stopping of the heart, and death. 

(( According to Bochin {Arch. f. d. Ges , Physiol., Bd. v. S. 189) and to Williams 
{Arch. f. exper. Pathol., Bd. xiii. S, 2), the rise of pressure is due entirely to the 
heart, and not to the contractions of the small arteries ; but it is difficult to see how 
the small arteries can contract, and yet not heighten the pressure, 
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mucous membrane of the stomach and small intestines. It is then 
certain that although more or less redness of the lining membrane of 
the intestine track may be present, yet, on the other hand, the active 
principle of the digitalis may destroy life, and leave no appreciable 
sign. 

§ 547. Separation of the Digitalins from Animal Tissues, etc.-- 
It is best to make an alcoholic extract after the method of Yitali, already 
detailed, the alcohol being feebly acidulated, if necessary, by acetic acid, 
and all operations being carried on at a temperature below 60°. The 
alcoholic extract is dissolved in water feebly acidulated by acetic acid, 
and shaken up, first with petroleum ether to remove impurities (tile 
ether will not dissolve any of the digitalins), then with benzene, aud, 
lastly, with chloroform. The benzene dissolves digitalein, and the 
chloroform, digitalin and digitoxin. On allowing these solvents to 
evaporate spontaneously, residues are obtained which will give the 
reactions already detailed. Neither the bromine nor any other chemical 
test is sufficient to identify the digitalins ; it is absolutely necessary to 
have recourse to physiological experiment. The method used by Tiu'dion 
in the classical Pommerais case may serve as a model, more especially 
the experiments on frogs. Three frogs were properly secured, the hearts 
exposed, and the beats counted. The number of beats was found to he 
fairly equal. Frog No, 1 was placed under such conditions that the 
heart was constant ly moist, Frog No. 2 was poisoned by injecting into 
the pleura 6 drops of a solution in which 10 mgrms. of digitalin were 
dissolved in 5 c.c. of water, The thivd frog was poisoned by a solution 
of the suspected extract. The number of beats per minute were now 
counted at definite intervals of time as follows -. — 


TABLE SHOWING THE ACTION OF DIGITALIN ON THE 
FROG’S HEART. 


Frog No. L 
Un poisoned. 

Frog No. 2. 
Poisoned by a known 
quantity of digitalin. 

Fi-og No. 3. 

Poisoned by tlje snepoetert 
extract. 

r No. of beats per minute. 

No. of beats per minute. 

No. of lieate pa- minute. 

After 6 minutes, 12 
„ 10 „ 40 

„ 20 „ 40 

„ 28 „ 38 

i) 31 ,, 36 

20 

16 irregular. 
15 
0 
0 

26 _ 

24 irregular, 

20 „ 

12 very irregular, 
0 


In operating in this way — which is strictly comparative* aud, with 
care, has few sources of error— if the heart of the frog poisoned with 
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the unknown extract behaves in the number and irregularity of its 
contractions similarly to that of the digitalin-poisoned heart, it is a fair 
inference that, at all events, a “heart-poison” has been separated; but 
it is, of course, open to question whether this is a digitalin or one of the 
numerous groups of glucosides acting in the same way. If sufficient 
quantity has been separated, chemical reactions, especially the bromine 
test (Grandeau’s test), may decide ; but with the larger number (yearly 
increasing) of substances acting similarly on the heart, great caution in 
giving an opinion will be necessary. 


II.— Other Poisonous Glucosides Acting- on the Heart. 

§ 548. Several members of these glucosides have been studied by 
Schmiedeberg,* and his convenient divisions will be followed here : — 

1. CRYSTALLISABLE GLUCOSIDES. 

Antiarin (C 27 H j .jO 10 + 4H 2 O).— Autiarin is an arrow poison obtained from the 
milky juice of the Antiaris toxicaria (upas tree) growing in Java. Antiarin is ob- 
tained in crystals, by first treating the inspissated milky juice with petroleum ether 
to remove fatty and other matters, and then dissolving the active priuciplo out with 
absolute alcohol, The alcoholic extract is taken up with water, precipitated with lead 
acetate, filtered, and from the filtrate antiarin obtained by freeing the solution from 
lead, and then evaporating. Dc Vryand Ludwig obtained about 4 j>er cent, from 
die juice. Antiarin is crystalline, the crystals containing 4 atoms of water. Its 
melting-point is given as 220 '0 ; the crystals are soluble in water (254 parts cold, 27 '4 
parts boiling), they are not soluble ill benzene, and with difficulty in ether ; 1 part 
of antiarin requiring 2792 parts of ether. 

The watery solution is not precipitated by metallic salts, On liydrolysiug with 
dilute alcoholic hydrochloric acid it splits lip into autiaiigenili and nntiarose. Autiark 
gen in, C. 4 H 31 0 3 , is a crystalline substance, m.p. above 100°. Autiarose is isomeric with 
rlianmose, it is oxidised with bromine and water to autiarouic acid, C«.H u 0 4 C00H 
(Heinrich Kiliani, Arch . Phwrn i., 1896). Concentrated sulphuric acid gives with 
antiarin a yellow-brown solution, hydrochloric and nitric acids strike no distinctive 
colours. 

§ 549, Effects, — Antiarin is essentially a muscular aud a heart poison. ’When 
given in a sufficient dose it kills a frog in from half an hour to an hour, Its most 
marked ell'ect is outlie cardiac uiusele, the heart heats more and more slowly, aud at 
last stops, the ventricle being firmly contracted. As with digital! u, there is a very 
marked prolongation of the systole, aud as with digitaliu, after the beats have ceased, 
a forcible dilatation of the ventricle will restore them (Schmiedeberg). It is doubtful 
whether by physiological experiment antiarin could be differentiated from digitaliu. 

§ 550. Separation of Antiarin. — In any case of poisoniug by antiarin, it would be 
best to extract with alcohol, evaporate, dissolve the alcoholic extract in water, pre- 
cipitate with lead acetate, filter, free the filtrate from lead, and then, after alkalising 
with ammouia, shake the filtrate successively with petroleum ether, benzene, and a 
small quantity of ether in tlio manner recommended at page 255 et scq. The, liquid, 
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now freed from all fatty, resinous, and alkaloidal bodies, is neutralised and evaporated 
to dryness in a vacuum, and the dry residue taken up with absolute alcohol, filtered, 
the alcohol evaporated at a very low temperature, and finally the extract dissolved 111 
a small quantity of Water, and submitted to physiological tests. 

3 551 The Active Principles of the Hellebores,— The Christmas 
rose (Helleboms rviger ), as well as H. vividis , H. feetidus , and, in short, 
all the species of hellebore, are poisonous, and if the root is treated with 
alcohol, from the alcoholic extract may be separated two gluoosides, 
helleborin and helleborein. 

Helleborin is in the form of white, glitteriug needles, insoluble in 
water, but soluble in ether, which, if placed on the tongue, arc almost 
tasteless, but if dissolved in alcohol, and then tasted, give a burning, 
numbing sensation. By boiling with zinc chloride, helleborin splits up 
into sugar and a resin — heUeboresin. Concentrated sulphuric acid 

dissolves the crystals with the production of a beautiful red colour ; 
on standing, the solution after a while becomes colourless, and a white 
powder separates. K. Tliaeter (Arch. Pharm., 1897) separates it from 
an ethereal extract of the plant, by heating the extract first with light 
petroleum to remove fat, next with acetone to remove tarry and colour* 
ing matters, and crystallises the residual impure helleborin from a 
mixture of alcohol and ether. 

Helleborein forms colourless crystals mostly consisting of fine 
needles ; they have a bitter taste, excite sneezing, and are very 
hygroscopic. The crystals easily dissolve in water and dilute alcohol, 
but are with difficulty soluble in absolute alcohol, and not soluble in 
ether, They dissolve in fatty oils. Helleborein splits by the action of 
mineral acids into sugar and amorphous helleboretin. 

Helleboretin Is in the moist condition of a beautiful violetebltte 
colour, becoming, when dried at 100°, dirty green. Concentrated 
sulphuric acid dissolves it with the production of a brown.yellow colour, 
which on standing passes into violet and then into brown. 

Mamie separated from H. fcetulus , in addition, a white, intensely 
odorous substance, but too small in quantity to thoroughly investigate 
its properties, 

§ 552, There is little doubt that hellebore owes its properties to the 
glucosides just described, There are several instances of poisoning by 
hellebore root,* and by the pharmaceutical preparations, but none of 
poisoning by the pure active principles. Morgagni mentions a case in 
which 2 grins, (nearly 31 grains) of the watery extract of H . nu/er 
caused death within eight hours ; and Ferrari saw, after the use of the 

Theie used to be a tincture officinal in our pharmacopoeia ; the root of 11. 
vi rid is is officinal in the German pharmacopoeia, maximum single dose, '3 grm, • 
maximum total quantity in twenty.four hours, 1'2 grm. The tincture is also 
officinal on the Continent, 
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wine in which the root had been boiled, two persons poisoned with a 
like result. A more recent case was recorded by Felletar, in 1875, in 
which a person died from an infusiou of hellebore ; there was, however, 
old standing heart disease, so that there may be a doubt as to the real 
cause of death in this instance. Schauenstein mentions a case in which 
the roots of hellebore were accidentally used in soup, but the bitter 
taste prevented any quantity being eaten. The physiological action, 
especially of helleborein, is that of an intense heart poison, and the 
symptoms produced by the hellebores are so strikingly like those of 
the digitalins that it might he difficult to distinguish clinically between 
them. In any case of poisoning, the active principle must be separated 
in the form of an alcoholic extract, and identified as a heart poison by 
physiological experiment. 

§ 553. Euonymin is found in a resin obtained from tlie Euonymits atvopur • 
pureas; it is crystalline, crystallising in colourles, cauliflowerdike masses consisting 
of grouiis of stellate needles, which are soluble in water, but with difficulty iu 
alcohol. It is a glucoside, and a powerful heart poison, 1 mgrm. causing the lieai-t 
of a frog to cease in diastole.* 

§ 554. Thevetin (C 54 H 4e O.;). — A glucoside which lias been separated from the 
Thevetia neriifolia, and perhaps also from the Ccrbcra Odallam, It is soluble iu 
124 parts of water at 14°, and is easily soluble in spirit, hut not in ether. It is 
coloured by sulphuric acid red-brown, pissing into cherry red, and then, iu a few 
hours, into violet. On boiling with diluted adds, it splits up into sugar and 
theveresin, Both tlievetiu and theveresin are powerful heart poisons, t 

2. SUBSTANCES TARTLY OR YSTALLI SABLE BUT -WHICH ARE 
NOT GLUCOSIDES, 

§ 555, Strophantin (a)„= +30 is a very poisonous substance which 

belongs physiologically to this group, but does not seem to be a glucoside, It is 
soluble in water and in alcohol, less so iu ether and chloroform. It is found in 
the kombt, manganja, ined, or oncljc, a West African poison derived from the 
Strophanthus hispiclxis of the family of AjncgnaccK. Tlie poison has beau iuvesti* 
gated by several observers. + 

Dr, Fraser considers, from his experiments, (1) That stropliantiu acts primarily 
on tlie heart, producing, as an end result, heart paralysis, with permanence of the 
ventricular systole, (2) He found the pulmonary respiration to continue in cold' 
blooded animals many minutes after the heart was jiaralysed. (3) The striped 
muscles of the body are affected, and twitches occur in them ; their tonicity is 
exaggerated, and finally tlieir functional activity is destroyed. This change is 
referred to an action on the muscular structure itself, independent of that upon the 
heart, and also independent of the cerebi'O'Spinal nervous system. (4) The reflex 
action of the spinal cord is suspended after the heart is paralysed, but the motor 
conductivity of the spinal cord and of the nerve trunks continue after the striped 
muscles of the body are paralysed, (5) The lymplnhearts of the frog continue to 
contract for many minutes after the blood-heart has been paralysed. 

* Sehmicdeberg, op. cit., from unpublished researches of Professor H. Meyer, 
Dorpat, 

t Husemann, Archivf, exper. Path. u. Pharmakol. , Bd. v. , S. 228, 1876. 

$ Diyitoxin (see ante, p, 433) belongs to this group. 
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3. NON -CRYSTALLI SABLE GLUCOSIDES ALMOST INSOLUBLE 
IN WATER. 

§ 556. Scillain, or Scillitin, a glucoside which has beeu separated from the 
bulbs of the common squill, It is insoluble or nearly so in water, but easily di.S' 
solves in alcohol. It is little soluble in ether. It acts upon the heart, and is 
poisonous, 

§ 557, Adonidin, a very similar substance, has been separated from the root of 
the Adonis vcrnalis (Nat. Ord. Ranunculacac), to which the name of adonidin has been 
given,* * * § It is an amorphous, colourless substance, without odour ; soluble iu alcohol, 
but with difficulty soluble in ether and water, It is precipitated by tannin, and 011 
saponification by mineral aeids, splits lip into sugar and a substance soluble in ether. 
The effects 011 animals are identical with those of digitaliu, The root lias been used 
recently in medicine, and found to slow the heart and increase the urinary secretion ; 
in this also it is like digitalis. 

§ 558. Oleandrin, — Oleander leaves contain two chcmieally'diffcreut, nitrogen- 
free substances. The one is probably identical with digitalcin ; hut as this is not 
certain, iSehmiedeberg proposes to call it ju'ovisioually ncriin , The other active 

substance is essentially the same as the oleandrin of Lukomsket and Betelli, + 
Oleandrin has basic properties, and is separated in the form of an amorphous mass, 
soluble in alcohol, ether, and chloroform, and slightly soluble iu water. Sclimiede' 
berg obtained a third product from African leaves, which lie calls ncrianthln. This, 
on trositmeut with sulphuric acid and bromine, gives a beautiful colour peculiar to 
oleander leaves. It is very similar in physiological and chemical properties to 
digitaliu, and is probably derived by decomposition from one of the principles already 
described. There is also a product similar to digitaliresin. 

The active principles of the oleander are separated by digestion of the leaves with 
alcolml nf 50 per cent., and precipitating the alcoholic extract with lead acetate and 
ammonia. The first precipitate is yellow, and is probably composed of a tannin dike 
substance ; the next precipitate is white, consisting of the lead compound of ncriin. 
The precipitates are filtered off, and the filtrate concentrated ; iierianthiu, after a 
while, separates iu light lloelts, and the filtrate from this contains some of the other 
products. 

§ 559. Neriin or Oleander Digitaliu. — Ncriin is, in the presence of much free 
mineral acid, precipitated by potass. bismuth iodide, a reaction first pointed out by 
Manu»,§ as useful in the isolation of the helleliorius ; or it may be precipitated by 
tannin, and then the precipitate decomposed by dissolving iu alcohol, and evaporating 
it to dryness with nine oxide ou the water-bath. It is next extracted by absolute 
alcohol, and precipitated by the addition of much other. The further purification 
consists of re-solution iu aleoliol, and fractional precipitation hy ether. If, however, 
the potass- bismuth iodide process is used, the liquid nmst be acidified strongly with 
sulphuric acid, aud the precipitate washed with diluted sulphuric acid. The pre- 
cipitate may be decomposed by baryta, filtered, anil the filtrate freed from baryta by 
carbon dioxide ; the filtrate from this contains ncriin with liaric iodide; it is there- 
fore treated with silver sulphate, then again with baryta, next with carbon dioxide, 
anil also with SH,, to get rid of the last trace of silver. 

The filtrate will also contain some oleandrin which, l>y evaporating slowly in 
a vacuum, seiiaratcs gradually iu the form of a clear, resinous mass. It can he filtered 


* Ccrvello, Archill far exp. Pal.h, Ph/lrm. , 1S82, p. 338. 

t Itqicrt. dcOhiniic.de TFurtr; et Barrarmil, t. iii, p. 77, 1861. 

+ Bull. Mai, di Bologna, t. xix. p, 321, 1865. 

§ Zcitschr.f. rat. Med. (3 R.), Bd, xxvi. S. 1, 1866. 
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off, and the neriin then may be precipitated pure by fractional precipitation. Its 
physiological action is the same as that of digitalein. 

§ 560. The Neriuui oleander has several times caused grave symptoms of poison' 
ing, and they have usually fairly agreed with those produced by foxglove. For 
example, Maschka* relates the case of a boy, 2 years old, who ate two handfuls 
of the Nerium oleander. The effeots commenced in ten minutes, the child was 
Uneasy, and vomited. In six hours a sleepy condition came on ; the face was pale, 
the skin cold, the pupils contracted, and the pulse slow and irregular. After the 
sickness the boy woke up, but again fell asleep, and this occurred frequently ; 
coffee was given, which appeared to do good. The pulse was intermittent. On 
the following day the child was still ill, with an intermittent pulse, frequent 
vomiting, feebleness, sleeplessness, and dilatation of the pupil ; there was no 
diarrhoea, on the contrary, the bowels were confined. O 11 the third day recovery 
followed. 

In an Indian case.t the symptoms were altogether peculiar, and belonged 
rather to the convulsive order. A woodcutter, aged 35, near Kliolapore, 
took, for the purpose of suicide, a little over an ounce of the expressed juice 
of the oleander. The symptoms began so rapidly that he had not time to walk 
five yards before he fell insensible ; lie was brought to the hospital in this state ; 
the face on his arrival was noticed to be flushed, the breathing stertorous, there 
were violent spasmodic contractions of the whole body, more marked on the 

left than on the right side. The effect of this was remarkable. During the 

intervals of the spasm, the patient lay evenly on his back, and when the con- 
vulsions commenced the superior contraction of the loft side threw him on to 
the right, in which position lie reumiued during the paroxysm, after the subsidence 
of which lie fell hack iuto his old position. The evacuations were involuntary 
and watery ; the man was insensible, with frequent convulsions of the kiud 

described, for two days, but on the third day became conscious, and made a good 

recovery. 

I 11 any case of poisoning, the methods by which neriiu aud oleandrin are separated 
from the plant can be applied to separate them from the tissues with more or less 
success, Here, as in all the other digitalindike glucosides, physiological tests are 
alone of value in the final identification, 

§ 561, The Madagascar Ordeal Poison, — To this group may also belong the 
poison of the Tanyhinia vaicnifera, a tree in the Island of Madagascar, the fruit of 
which is used as an ordeal poison. It may be obtained in crystals ; it is iusoluble 
in water, aud very poisonous, The upas of Singapore is also said to contain with 
strychnine a glucosidc similar to autiarin, 


4. SUBSTANCES WHICH BEHAVE LIKE THE DIGITALINS. 

§ 562. Apocynin, -which with a pocynein (a glucosidc) occurs in Apocynum 
cannubinum onabam, an East Indian arrow poison; cclmjin, a north-west African 
arrow poisou ; urecthiii aud nr cchUoMn from Umehitis snbcrecta ; Icovallamarin, 
a glucoside from May-flowers; koronillin , a glucosidc from Coronilla scorpioides ; 
chevranthin, a glucoside from Chciranthus clieiri ; are all substances which have a 
similar action to digitalis on the heart. Erythrophlein is an alkaloid, not a glueo- 
side, aud is obtained from the bark of the Erythrophlccum cjuinccnse (West Africa). 
It acts on the heart like digitalis, and has also effects similar to picrotoxin. 


* Vierteljahmschrift f. (/erleht. Mai., lid. ii. No. 17, 1860. Brit, and For. Med. 
Chit. Review, vol, xxvi. p. 523, 1860, 

t Transac, of Med, and 1’hys. Roe. nf Bombay , 1854. 


29 
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IIL— Saponin— Saponin Substances. 


§ 563, The term 0 saponin ” of late years has been applied to a class 
of glneosides which possess the common property of being poisonous, 
and, when dissolved in water, forming solutions which froth on shaking 
like soapsuds. 

The substances which have these properties are not all of the same 
series chemically, but those of the general formula, C„H 2n _ e 0 10 , are 
most numerous, and the following is a list: — 


Name. 

Saponin, senegin, 

Quillaja.sapotoxin, 

Sapindus' sapotoxin, 

Gy psopli ila • sapo toxin, 

Agrostemma • sapotoxin , 

Saponin 11., digitonin, saporubrin, assamin, 
Saponin HI., quillajio acid, polygalic acid, 
Herniarbsaponin, 

Cyclamin, sarsaparilla' saponin, . 

Sarsa'saponin 

Pavillin, , . . . . 

Melanthin 


Formula. 


Cx,H, a O l0 . 


C^HojOjo. 

CioHjdOjo. 

Caol^KOjo. 

C^CV 

CooH^On). 

b’suHinOjo. 


Possibly also dulcamarin, C 22 H 34 0 10 , and syringin, C 17 H 2u 0 10 , may 
belong to this series. 

There are some 150 distinct plants which thus yield saponins ; a 
few of these plants are as follows '.—Saponaria officinalis, Gypsophila 
struthium, Agrostemma githago (corn cockle), Polygala senega, Monimia 
polystachia, the bark of Quillaja saponaria, and ChrysophyUwn gly • 
cyphleum. 

The saponin separated from Saponaria and from the com cockle 
will be here described, 

§ 564, Properties, — Saponin is a white amorphous powder, very 
soluble in water, to which it gives the curious property of frothing just 
like soap solution, To obtain this effect there must be at least 1 mgrm. 
in 1 c.c. of liquid. Saponin is neutral in reaction, it has no odour, but 
causes sneezing if applied to the mucous membrane of the nose ; the 
taste is at first sweet, and then sharp and acrid. It is almost entirely 
insoluble in absolute alcohol, but dissolves in hot alcohol of 83° to 
separate again nearly completely on cooling. It is precipitated by basic 
lead acetate, and also by baryta water, but in each case it is advisable 
to operate on concentrated solutions. Picric acid, mercuric chloride, 
and alkaloidal “group reagents” give no precipitate. When a little of 
the solid substance is treated with “Nessler" reagent, there is a 
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greenish or yellow colour produced. A drop of strong sulphuric acid, 
mixed with a minute quantity of saponin, strikes slowly a bright red 
colour, which, on heating, deepens to maroon-brown. Nord hausen 

sulphuric acid shows this better and more rapidly. If saponin is boiled 
with dilute acid it breaks up into sapogeniu and sugar, and therefore 
the liquid after neutralisation reduces “Eehliug.” 

Sapogenin may be separated by evaporating the neutralised liquid to 
dryness, treating the dry residue with ether, which dissolves out the 
sapogenin, and finally recovering the substance from the ethereal 
solution, and crystallising it from hot alcohol. Crystals are readilv 
obtained if the alcoholic solutionis allowed to evaporate spontaneously 
A solution of saponin exposed to the air gets turbid, and develops 
carbon dioxide; not unfrequeutly the solution becomes mouldy, 

W. von Schuk* has shown that sapornbin, the active principle of 
Saponaria rubra, when treated with dilute sulphuric acid, gives glucose 
and various sapogenins according to the temperature and having the 
formulae C l7 H Vi 0 6 , C lfl H, 7 O w C ls H 24 0 4 , C 14 1I S2 0 2 , this last melting at 
24-8°- 250°. The sugar formed has(a) D - s-23'67 and is not fermentable 
by yeast, the osazone melts at 165°— 170°, 

§ 565, Effects. — Pelikanf has studied the effects of various saponins 
on frogs. One to two drops of a saturated watery solution of Saponin 
applied subcutaneously to the leg, caused, in from five to six minutes, 
great weakness, accompanied by a loss of sensibility ; but strong 
mechanical, chemical, or electrical stimuli applied to the foot excited 
reflex action, for the isdiiatic nerve still retained its functions. Never- 
theless, from the commencement, the excitability of the poisoned muscles 
was much weakened, and just before death quite disappeared, Section 
of the iscliiatic nerve delayed the phenomena. Curarine did not seeni 
to have any effect on the poisonous action, A concentrated solution 
applied to the heart of a frog soon arrests its beats, but weaker doses 
first excite, and then retard.}: 

The senior author has studied the general action of sapo ni n on kittens, 
insects, and infusoria, Small dosss, such as from 1 3 to 32 m grins. (\ to 
J- grain), were injected beneath the loose skin of the back of the neck of 
a kitten, when there were immediate symptoms of local pain. In from 
five to ten minutes the respiration notably quickened, and the animal 
fell into a lethargic state, with signs of general muscular weakness ; just 
before death the breathing became very rapid, and there were all the signs 
of asphyxia. The pathological appearances after death were fulness iu 
the right side of the heart, and intense congestion of the intestinal canal, 
the stomach generally being perfectly normal in appearance, and the 

* Chem. Centr., 1887, 302, t Ba'l , klia. JFochschr . , 36, 186. 

+ J, Hoppe, NervenvArkumj dor HeUmittel, H, 4, 37. 
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kidneys and other organs healthy. The least fatal dose for a kitten 
seems to be 13 mgrms., or ‘04 grm. to a kilogramme.* 

§ 5G6. Action on Man. — The effects of saponin on man have been but 
little studied ; it has been administered by the mouth in doses of from 
'1 to '2 grm., and in those doses seems to have distinct physiological 
effects. There is increased mucous secretion, and a feeling of nausea ; 
but neither diaphoresis nor diuresis has been observed. From the fore- 
going study it may be predicated that 2‘6 grms. (40 grains), if adminis- 
tered subcutaneously to an adult, would endanger life. The symptoms 
would be great muscular prostration, weakness of the heart’s action, and 
probably diarrhoea. In fatal cases, some signs of an irritant or inflam- 
matory action on the mucous membranes of the stomach and intestines 
would be probable. 

§ 567. Separation of Saponin. — Saponin is separated from bread, 
flour, and similar substances by the process given at p. 153, “Foods.” 
The process essentially consists in extracting with hot spirit, allowing the 
saponin to separate as the spirit cools, collecting the precipitate on H 
filter, drying, dissolving in cold water, and precipitating with absolute 
alcohol. In operating on animal tissues, a more elaborate process is 
necessary. The senior author has successfully proceeded as follows : — Thu 
finely divided organ is digested in alcohol of 80 to 90 per cent, strength, 
and boiled for a quarter of an hour ; the alcohol is filtered hot and 
allowed to cool, when a deposit forms, consisting of fatty matters, ami 
containing any saponin present, The deposit is filtered off, dried, and 
treated with ether to remove fat. The insoluble sapouin remaining 
is dissolved in the least possible quantity of water, and precipitated with 
absolute alcohol. It is also open to the analyst to purify it by precipi- 
tating with baryta water, the baryta compound being subsequently 
decomposed by carbon dioxide, Basic lead acetate may also be used as 
a precipitant, the lead compound being, as usual, decomposed by hydrio 
sulphide; lastly, a watery solution may he shaken np with chloroform, 
which will extract saponin, By some oue of those methods, selected 
according to the exigencies of the case, there will be no difficulty in 
separating the glucoside in a fairly pure state, 'flic organ Lest to ex- 
amine for saponin is the kidney. In one of the experiments, iu a cat 
poisoned with a subcutaneous dose of saponin (-2 grm.), evidence of the 
glucoside was obtained from the kidney alone. The time after death at 
which it is probable that saponin could he detected is unknown ; it is a 

* The action of saponin when applied ia concentrated solution tn flics is tlial. of 
an intense irritant There is protrusion of the sucker, and progressive paralysis. 
The common infusoria live for sonic time in dilute solutions of saponin— this is also 
true of some of the higher forms; for example, a Cyclups quadricornis seemed in no 
way affected by a 2 per oent. solution. 
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ory stills, i.iil i il ill * in ■’ [rail a nf i'nl'1 ivator. 

.' 570. Poittouiiift; hy Santouia. Kipht- . n r , , .4 pormum;', * tb i 

hy miitointi or wiuioiihi holding ■.nltata»ifi -i T viiiifh (>', \ 1 at 1; ii in b. o 

ahlr In collect, weir m arly' dll iirrasiiaiii-'i l>v it •, w •• aa a i< iiedv f* . ■ 
Worms. A if tv Mfi'f poiMoniups of rlilhln K alcr lm-i imnii-ftu-i it }.v 
iwtiiidi'iit. With mic csii'i-ptiuu llioic pin aim i -a rf.- f i,ii lini r.i ii-.j,, 
r J to 1 L 1 yi'itra of aye ; in live tin- ih.'.v. r In ids. m i m ti„U. ■ o 
saiiiomn itself wax taken. Of tin; I'lghti . u . a ,■ ■>, 1 v,r, -ad-, *iu t i.i;.- • jt 
1 1 ja r rent. /. 
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^ 57l Fatal Dose.— So small a number of children have died 
tronx santonin, that data fire not present for fixing the minimum 
fatal dose. ‘12 grm. of santonin killed a boy of 5J years of age 
in 'fifteen hours ° a girl, 10 years old, died from a quantity of 
Slower heads equal to '2 grm. of santonin. The maximum dose for 
children is from 65 to 1-94 mgrms. (1 to 3 grains), and twice the 
quantity for adults 

^ 572 , Effects on Animals. — Experiments on animals with santonin 
have been numerous. It has first an exciting action on the centres of 
nerves from the second to the seventh pairs, and then follows decrease 
of excitability. The medulla is later affected. Thcx-e are tetanic con- 
v ulsioxis, and death follows through asphyxia. Artificial respiration 
lessens the number and activity of the convulsions, and chloroform, 
chloral hydrate, or ether also either prevent or shorten the 
attacks. 

xj 573. Effects on Man. — One of the most constant effects of 
santonin is a peculiar aberration of the colour'Sense, first observed by 
Hufeland in 1806. All things seem yellow, and this may last for 
twenty-four hours, seldom longer. According to Rose, this apparent 
yellowness is often preceded by a violet hue over all objects. If the 
lids are dosed while tlxe “yellow sight” is present, the whole field is 
momentarily violet, De Martiny,* in a few cases, fonnd the "yellow 
sight ” intermit and pass into other colours, e.g,, after '3 grm. there was 
first the yellow perception, then giving the same individual '6 grm., all 
objects seemed coloured red, after half an hour orange; and then again 
yellow, In another patient the effect of tlie drug was to give “ green 
vision,” mid in a third blue. 

Hufner and Helmholtz explain this .curious effect as a direct aetiou 
on the nervous elements of the retina, causing them to give the pet' 
ception of violet; they are first excited, then exhausted, and the eye is 
“ violet blind.” On the other hand, it has been suggested that 
santonin either colours the media of the eye yellow, or that there 
is an increase in the pigment of the macula lutea. The two last 
theories do not, however, account for the intermittency and tire play 
of colours observed in a few cases. To the affections of vision arc 
also often added hallucinations of taste and smell ; there is headache 
and giddiness, and in fourteen out of thirty of Rose’s observations 
vomiting occurred, The urinary secretion is increased. In large and 
fatal doses there are shivering of the body, donic, and often tetanic 
convulsions ; the consciousness is lost, the skin is cool, but covered with 
sweat, the pupils dilated, the breathing becomes stertorous, the heart’s 
action weak and slow, and death occurs in collapse — in the caseobserved 
* Oaz. des ITSpil., I860. 
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by Grimm in fifteen hours, in one observed by Lins tow in forty- 
eight hours. In those patients who have recovered, there have 
also been noticed convulsions and loss of consciousness. Sieveking* 
has recorded the case of a child who took '12 grm. (1'7 grain) 
santonin; an eruption of nettle rash showed itself, but disappeared 
within an hour, 

§ 574. Post-mortem Appearances.— The post-mortem appearances 
are not characteristic. 

§ 575. Separation of Santonin from the Contents of the Stomach, 
etc. — It is specially importaut to analyse the fseces, for it has been 
observed that some portion goes unchanged into the intestinal canal. 
The urine, also, of persons who have taken santonin, possesses some 
important peculiarities. It becomes of a peculiar yellow-green, the 
colour appearing soon after the ingestion of the drug, and lasting even 
sixty hours. The colour may be imitated, and therefore confused with 
that which is produced by the bile acids ; a similar colour is also seen 
after persons have been taking rhubarb. Alkalies added to urine 
coloured by santonin or rhubarb strike a red colour. If the urine thus 
reddened is digested on zinc dust, santonin mine fades, rhubarb urine 
remains red. Further, if the reddened urine is precipitated by excess 
of milk of lime or baryta water and filtered, the filtrate from the urine 
reddened by rhubarb is colourless, in that reddened by santonin the 
colour remains. Santonin may be isolated by treating substances con- 
taining it with warm alkaline water. The water may now be acidified 
and shaken up with chloroform, which will dissolve out any santonin. 
On driving off the chlorofonn, the residue should be again alkalised, 
dissolved in water, and acidified with hydrochloric acid, and shaken up 
with chloroform, In this way, by operating several times, it may be 
obtained very pure. Santonin may be identified by its dissolving in 
alcoholic potash to a transitory carmine-red, but the best reaction is to 
dissolve it in concentrated sulphuric acid, to which a very little water 
has beeu added, to warm on the water-bath, and then to add a few drops 
of ferric chloride solution to the warm acid ; a ring of a beautiful red 
colour passing into purple surrounds each drop, and after a little time, 
on continuing the heat, the purple piisses into brown. A distinctive 
reaction is also the production of “iso'Santonin ” ; this substance is 
produced by warming santonin on the water-bath with sulphuric acid 
for a few hours, and then diluting with water; iso. santonin is pre- 
cipitated, and may be crystallised from boiling alcohol. Iso-santonin 
melts at 138°; it has the same composition as santonin. It is dis- 
tinguished from santonin by giving no red colour when treated with 
sulphuric or phosphoric acids. 

* Brit , Med, Journ., 1871. 
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II.— Wezereon. 

„ 576 The Daphne Mezereum (t,.).— Mezeroon, an indigenous shrub hclmigiug 
to the T hymelcacece, is rather rare in the wild state, hut very frequent iu gardens. 
The flowers are purple and the berries red. Buckhuim isolated I»y means ot ether an 
arrid resin which was converted by saponifying agents into vieaurcic add ; tl.n acrid 
resin is the anhydride of the acid. The resin is presumed to be the acti vc poisonous 
constituent of the plant, but the subject awaits further investigation. There tiro a 
few cases of poisoniug On record, and they have been mostly from the Imres. Thus, 
Iiune has recorded an instance in which a little girl died after eating twelve lie. tries. 
The symptoms observed iu tlie recorded eases have been burning in the mouth, 
gastroenteritis, vomiting, giddiness, narcosis, and couvnlsions, ending in dentil. 
The lethal dose for a horse is about .30 grins, of powdered hark ; for a dog, the 
esophagus being tied, 12 grms. ; but smaller doses of the fresh leaves may he deadly. 


III.— Erg-ot of Bye. 

§ 577. Ergot is a peculiar fungus attaching the rye and other grami- 
uaceous plants ; * it has received various names, Glnviceps pur/mrea 
(Tulasne), Spermcedia davus (Fries), Sclerotiun claims (D.C.), etc. The 
peculiar train of symptoms arising from the eating of ergotisod grain 
(culminating occasionally in gangrene of the lower limbs), its powerful 
action on tlie pregnant uterus, and its styptic effects, axe well lniowu, 

The very general use of the drug by accoucheurs has, s<> to speak, 
popularised a knowledge of its action among all edasses of society, and 
its criminal employment as an abortive is not infrequent, t 

The healthy grain of rye, if examined microscopically in tliin sections, 
is seen to be composed of the seed-coatiug, made np of two layers, 
beneath which are the gluteii'Cells, whilst the great hulk of the seed 
is composed of cells containing starch. In tho ci'gotisod grain, dark 
(almost black) cells replace the seed-coat and the glutcn-cclls, whilst 
the large starch-containing cells are filled with the small cells of the 
fungus and numerous drops of oil. 

§ 578. The chemical constituents of ergot are -a fixed oil, trhuethyl- 
amine, certain active principles, and colouring-matters. 

The fixed oil is of a brownidi -yellow colour, of aromatic flavour and 
acrid taste ; its specific gravity is 0'924, and it consists chiefly of 
palmitin and olein ; it has no physiological action. 

Trimethylamine is always present ready formed in ergot; it can also 
be produced by the action of potash on ergot, 

With regard to the active principles of ergot considerableconfusion 
still exists, and no one has hitherto isolated any single substance in such 

* Some of the Cyperaccce are also attacked. 

The Russian peasantry use tbs drug for the same puipose. Fide Mackenzie 
Wallace’s ‘'Russia,” i, p. 117. 
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a state of purity as to inspire confidence as to its formula or other 
chemical characters. They may, however, be briefly described. 

C. Tauret * has separated an alkaloid, which appears identical with 
Wenzel’s ergotinine. To obtain this the ergot is extracted by alcohol of 
86°, the spirit removed by distillation, and the residue cooled ; a resin 
(which is deposited) and a fatty layer (which floats on the surface) are 
separated from the extractive liquor and washed with ether ; the ethereal 
solution is filtered and shaken with dilute sulphuric acid, which takes 
up the alkaloid ; the aqueous solution of the substance is then filtered, 
rendered alkaline by KUO, and agitated with chloroform. The 
ergotinine is now obtained by evaporating the chloroform solution, care 
being taken to protect it from contact with the air. It gives precipitates 
with chloride of gold, potassium iodohydrargyrate, phosphomolybdic 
acid, tannin, bromine water, and the chlorides of gold and platinum. 
With moderately concentrated S0 4 H 2 , it gives a yellowish*red coloration, 
changing to an intense violet, a reaction which does not occur if the 
alkaloid has been exposed to the air. The composition of the base is 
represented by the formula G i0 H 40 N 4 0 12 , and a crystalline sulphate and 
lactate have been obtained.! 

Wenzel’s Ecboline is prepared by precipitating the cold watery 
extract of ergot with sugar of lead, throwing out the lead in the usual 
way by hydric sulphide, concentrating the liquid, and adding mercuric 
chloride, which precipitates the ecboline only. The mercury salt is now 
decomposed with hydric sulphide, and after the mercury precipitate 
has been filtered off, the filtrate is treated with freshly precipitated 
phosphate of silver, and refiltered ; lastly, the liquid is shaken up with 
milk of lime, again filtered, and the lime thrown out by CO,. The last 
filtrate contains ecboline only, and is obtained by evaporation at a geutle 
heat, It is an amorphous, feebly bitter substance, with an alkaline 
reaction, forming only amorphous salts, 

A research by Dragendorff ou ergot tends to show that Wenzel’s 
alkaloids, ergotinine and ecboliue, are inactive. Dragendorff describes 
also (a) Selerotnu&n, a slimy substance which goes into solution upon 
extraction of the ergot with water, and which is agaiu precipitated by 
40 to 45 per cent, alcohol, It is colloidal and soluble with difficulty 
in water. It contains nitrogen, but gives no albuminoid reaction, nor 
any reaction of an alkaloidal or glucosidal body ; it yields to analysis — 
b r, 26 per cent. Whiter, 

26-8 ,, Ash. 

39 0 ,, Carbon. 

6'44 „ Hydrogen. 

6 '41 ,, Nitrogen, 

* Compt, liendits, vol. xxxi, p, 890. 


t Ibid,, April 1878. 
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(b) Sclerotic add.— A feebly. acid substance, easily soluble in water 
and dilute and moderately concentrated alcohol . It passes, in associa. 
tion with other constituents of the ergot extract, into tire diffnsate, when 
the extract is submitted to dialysis ; but after its separation in a pure 
state it is, like scleroinucin, colloidal. It is precipitated by 85 to 90 per 
eent. alcohol, together with lime, potash, soda, silica, and manganese; 
but after maceration with hydrochloric acid, the greater part of the ash 
constituents can be separated by a fresh precipitation with absolute 
alcohol. The sample gave 40'0 per cent, of carbon, 5'2 per cent, hydro, 
gen, 4‘2 per cent, nitrogen, 50 '6 per cent, oxygen, with 3'4 per cent, of 
ash." Sclerotic acid forms with lime a compound that is not decomposed 
by carbonic acid, and which upon combustion leaves from 19 to 20 per 
eent. of calcium carbonate, Roth these substances are active, althongh 
evidently impure. Sclerotic acid is sold in commerce, and has been 
employed subcutaneously in midwifery practice in Russia and Germany 
for some time. 

The active principle of ergot has been recently called Spliacelo.toxin, 
but has not been separated in a pure form. According to J acobi ( Pharm . 
Cent)-., H. xxxviii. 58, and Arch. expt. Path. Pharm., xxxix. 85-143) 
there are three substances, all possessing similar therapeutic powers, 
which may be obtained from ergot, viz-,, sphacelo. toxin, as yet only 
obtained as a tarry substance containing no nitrogen ; secalin. toxin, a 
compound of sphacelo. toxin with the inactive secalin ; and chryso-toxi n, 
a compound of sphacelo. toxin with the inactive ergccbiysin, C 21 II* 2 0 9 , 

Of these, by far the most definite is Chryso-toMn, which has the same 
effects as ergot ; chryso-toxin can be precipitated from the ethereal 
extract of ergot by light petroleum — by redissolving this product in 
ether and again precipitating and repeating the process many times; it 
may ultimately be obtained as a yellow, tasteless, odourless powder; 
crystallising from an ethereal saturated solution in needles. It is 
soluble in most organic solvents, but insoluble in light petroleum and 
dilute acids. It is slightly soluble in alkalies and ammonia, and from 
such solutions is precipitated by carbon dioxide. 

Secalin-toxin, C ls rI, 4 N,0 2 , is apparently a nitrogenous substance; 
possibly, as Jacobi suggests, a compound; in any case it seems to be 
identical with the so-called alkaloid, "Cornutia.” It is obtained from 
the ethereal extract by shaking it with acetic acid, and precipitating the 
acid extract with sodium carbonate. It is very easily soluble in alcohol, 
ethylic acetate, benzene, and chloroform. It is not verysoluble in ether, 
veiy slightly soluble in water, and insoluble in petroleum ether, The 
oxalate may be prepared by precipitating its ethereal solution with 
an alcoholic solution of oxalic acid. 

The cornutin of Robert is obtained by thoroughly exhausting ergot 
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by ]>i>t.r»hrmn I'lluT, drying f li<i ergot t.lius freed from fat, and 
rihiuithrg with ether: flu: ethereal solution is shaken up several times 
with dilute livilriirlilnrii: arid (OT) per cent.); tint a< ad solution is now 
sal muled wifli ammonia, and the: eurnuliu extracted by shaking tlie 
aiueii'iimi'.il liipiid up with other. 

l lie ethereal solution uu i-vaporatiou leaves the alkaloid, which, 
"lien it hii'nuu's crystalline, is with diiliculty sulnhle in ether, but 
dh-itilves family in chloroform and alcohol. It is insoluble in petroleum 
ether, and may lie precipitated from an etlmruul solution hy tluit reagent 
m whin* Dorks. The rduuholiii uuliifiiin shows a blue-violet, iluorcscencc ; 
from flu- aloolnclio solution flu: iilluduid ran he precipitated by the 
addition uf wilier. The salts are obtained host hy adding to the 
(diloiofone Milnliun an efherind solutimi of an acid, in the dark, for the 
sails are snii-itive f.o light ; in this way tin: hydrochloride, tartrate, and 
nitrate eau he obtained, the suits scjiaratiug out. 

The alkaloid gives precipitates immediately, or after a little time, with 
picric arid, iodine in iodide of potassium solution, bromine water, 
iVrridoyanidc of potassium, Mayer's reagent, and tannic, acid ; a few 
nigiaii*. of fhr arid dis-niveil iu I u.e, of strong sulphuric, acid becomes in 
a few huiu> of a beautiful violet, blue colour, which 'inly after several 
days blenches nut, If to flic solution in sulphuric acid a small drop of 
fsriie chloride solution is added, the mixture heenmes lirst of an orange* 
ird r-rrl.riir, | it dug into a deep red colour ; this reaction succeeds best 
with from 2 '! mg rue-. ; larger ipmnfilios do not giver the reaction ao 
neatly t Keller, Xrit.J. (Ill'll. (‘h'-KUC, lHth r >), 

Tie- inert principles of ergot are — ( 1 ) A rod e.olouringnnftttcr, 
S I' i* i'p//i <'*>(, insoluble iii water, hut soluhh* in dilute and strong 
aie-lml, ether, elilorutovni, dilute suhitious of popish, auniuuiia, etc. It 
can is obi lined by di-vl viug iu an alkali, neutralising with ail acid, 
and ■•disking up with e'lter, Alcoholic solution of scl every tliriu gives 
-,uih dumiiiimo .xulphau*, and with tunc tdiluride, u splendid red 
iiiivtuii' ; vviili salt., of calcium, hariniu, and imuiy of the heavy metals 
it gwea, a i dii'- pn-cipif ate ; thr yield is only '1 to '00 in |i thousand 

I'Z) Aiin'ln-r eoli lining mat Uu', dissolving iu concentrated sulphuric 
; ,r :ii with the pii-Uieliuii of a line lil in- violet colour, the discoverer has 
iiuined ,s'.-/e ( -'n''/iii . This is not, soluble in alcohol, other, chloroform, or 
water, but dissolves in .ill»ii!iae solutions, potash produciug a splendid 
vrih-i colour; yield about, 1 per 1000. 

,.t. f ) Two crystalline snlistauci's, which may be ubtiuiioil from ergot 
p,,vi hr. hr- s f lea led with an lepiuous solution of tartaric acid, and the 
eohauing matter extracted by ether, <hie DragendorfF names ( S 'deny 
•r>/'t,illu( yii.n,; ; it in iu i a dour less noodles, insoluble in alcohol and 
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water, with difficulty soluble in ether, but dissolving in ammonia and 
potash solutions. The other crystalline substance is thought to be 
merely a hydrated compound of sclerocvystallin. Both are without 
physiological action. 

§ 579. Detection of Ergot in Flour (see "Foods,” 5tli editiou, 
p. 155). — The best process is to exhaust the flour with boiling alcohol. 
The alcoholic solution is acidified with dilute sulphuric acid, and the 
coloured liquid examined by the spectroscope in thicker or thinner 
layers, according to the depth of colour. A similar alcoholic solution of 
ergot should be made, and the spectrum compared. If the flour is 
ergotised, the solution will be more or less red, and show two absorp- 
tion bauds, one in the green, and a broader and stronger one in the 
bine. On mixing the original solution with twice its volume of water, 
aud shaking successive portions of this liquid with ether, amyl alcohol, 
benzene, and chloroform, the red colour, if derived from ergot, will 
impart its colour to each and all of these solvents. Ludwig Medicns 
and Kober \Zeit. Nahr. Genussm., 1902] detect ergot in flour by treating 
10 grms. with 20 c.c. of ether and 10 drops of sulphuric acid [1 : 5], 
The ethereal extract on shaking up with 10 drops of sodium hydrogen 
carbnnate gives a violet coloration if ergot is present. 

§ 580. Pharmaceutical Preparations. — Ergot itself is officinal in all 
the pharmacopoeias, and occurs in grains from ?, to 1 inch in length, and 
about the same breadth, triangular, curved, obtuse at the ends, of a 
purple colour, covered with a bloom, and brittle, exhibiting a pinkish 
interior, and the microscopical appearances already detailed. Ergot may 
also occur as a brown powder, possessing the unmistakable odour of the 
drug. A liquid extract of the B.P. is prepared by digesting 10 parts 
of ergot in 80 parts of water for twelve hours, the infnsiou is decanted or 
filtered off, and the digestion repeated with 40 parts of water ; this is 
also filtered off, and the residue pressed, and the whole filtrate united 
and evaporated dowu to 1 1 parts ; when cold, 6 parts of rectified spirit 
are added, and, after standing, the liquid is filtered and made up to 
measure 16. A tincture aud an infusion are also officinal ; the latter is 
very frequently used, but seldom sold, for it is preferable to prepare it 
on the spot, The tincture experience has shown to be far inferior in 
power to the extract, and it is not much used. Ergotin is a purified 
extract of uncertain strength ; it is used for hypodermic injection ; it 
should be about five times more active than the liquid extract. 

§ 581 , Dose. — The main difficulties in the statement of the medicinal 
dose, and of the minimum quantity which will destroy life, are the 
extreme variability of different samples of ergot, and its readiness to 
decompose. A full mediciual dose of ergot itself, as given to a woman 
in labour, is 4 grms, (Gi'7 grains), repeated every half-hour, In this 
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way enormous doses may be given in some cases without much effect. 

On the other hand, single doses of from 1 to 4 grms. have caused serious 
poisouous symptoms. The extract and the tincture are seldom given in 
larger doses than that of a draclim as a first dose, to excite uterine con- 
traction. In fact, the medical practitioner has in many cases to experi- 
ment on his patient with the drug, in order to discover, not only the 
individual susceptibility, but the activity of the particular preparation 
used. From the experiments of Nikitin, it is probable that the least 
fatal dose of sclerotic acid for an adult man is 20 mgrms. per kilogrm. 

§ 582. Ergotism. — Ergotised oereals have played a great part in 
various epidemics, probably from very early times, but the only accurate 
records respecting them date from the sixteenth century. According to 
Dr Tissat,* the first recorded epidemic was in 1596, when a strange, 
spasmodic, convulsive disease broke out in Hessia and the neighbouring 
regions. It was probably due to spurred rye. In Voigtlander, the same 
disease appeared iu 1648, 1649, and 1675 ; in 1702 the whole of Freiberg 
was attacked In Germany and in France successive epidemics are 
described throughout the eighteenth century. In France, in 1710, Ch. 
Noel, physician at the Httel Dieu, had no less than fifty cases under 
treatment at the same time. 

It is generally said that in 1630, Thuillier, in describing an ergot 
epidemic which broke out in Cologne, first referred the cause of the 
disease to sparred rye. 

It is interesting to inquire into the mortality from this disease. In 
1770, in au epidemic described by Taube, in which 600 were affected, 
16 percent, died. In a nineteenth -century epidemic (1855), in which, 
according to Husemaun, 30 were ill, 23 '3 per cent. died. Iu other 
epidemics, according to Heusinger, out of 102, 12 per cent, died; 
according to Griepenkerl, out of 155, 25, or 16 per cent., died ; and, 
according to Meyer, of 283 cases, 6 per cent. died. 

There are two forms of chronic poisoning by ergot— one a spasmodic 

form, the other the gangrenous form. 

§ 583. The convulsive form of ergotism mostly begins with some 
cerebral disturbance. There are sparks before the eyes, giddiness, noises 
iu the cars, aud a creeping feeling about the body. There is also very 
commonly anaesthesia of the fingers and toes, and later of the extremities, 
of the back, and even of the tongue. Diarrhoea, vomiting, colic, and 
other signs of iutestinal irritation seldom fail to be present ; there are 
also tetanic spasms of the muscles, rising in some cases to well-marked 
tetanus ; epilepsy, faintings, aberrations of vision, amaurosis, and ambly- 
opia are frequent ; the skin becomes of a yellow or earthy colour, and is 

* I)r Tissot in Phil Trans,, vol. lv. p. 106, 1765. This is a Latin letter liy Dr. 
Raker, mul gives a good history of the various epidemics of ergotism. 



462 


L§ S^- 


poisons : THEIR EFFECTS AND DETECTION. 

covered with a cold sweat ; boils and other eruptions may break out ; 
blebs like those caused by burns or scalds, have in a few cases been 
noticed Death may occur in from four to twelve weeks after the eating 
of the spurred grain from exhaustion. In those individuals who recover, 
there remain fo°r some time weakness, contractions of groups of muscles, 
anfemia, or affections of vision. 

§ 584 The Gangrenous Form of Ergotism. — In this form there is 
generally acute pain in the limb or limbs which are about to mortify ; and 
there may be prodromata, similar to those already described, 'lire limb 
swells is covered with an erysipelatous blush, but at the same time feels 
icy cold; the gangrene is generally dry, occasionally moist ; the iimtnnti. 
fied parts separate from the healthy by a moist, ulcerative process ; 
and in this way the toes, fingers, legs, and even the nose, ruay Ire lost. 
During the process of separation there is some fever', anti pyauuia may 
occur with a fatal result. 

Foutenelle described a case in which a rustic lost all tire toes of one 
foot, theu those of the other ; after that the remnant <if the first foot, 
and lastly the leg. But probably the most extraordinary case of gangrene 
caused by the use of ergot is that which occurred at YVattislnira, Suffolk, 
in die family of a labouring man named John Downing. 11 c hrnl a wife 
aud six children of various ages, from 15 years to 4 mouths. Ou 
Monday, January 10, 1762, the eldest girl complained of a pain in the 
calf of her left leg; in the evening her sister, aged 10, also experienced 
the same symptoms. On the following Monday, the mother and another 
child, and on Tuesday, all the rest of the family except the father, became 
affected. The pain was very violent. The baby at the breast lived a few 
weeks, aud died of mortification of the extremities, lhe limbs of the 
family now began to slough off, and tire following are the notes on then' 
condition made by an observer, Dr. C. Wollastou, It It. 8., ou April 
13:- 

“ The mother, aged 40, Right foot off at the ankle, the left leg 
mortified; a mere bone left, but not off', 

“ Elizabeth, aged 13, Both legs off below the knees. 

“ Sarah, aged 10, One foot off at the ankle. 

“Robert, aged 8, Both legs off below the knees, 

“ Richard, aged 4, Both feet off at the ankle, 

“ Iufant, 4 months old, dead,” 

The father was also attacked a fortnight after the rest of the family, 
and in a slighter degree — the pain being confined to the fingerH of his 
right hand, which turned a blackish colour, and were withered for some 
time, but ultimately got better, 

As a remarkable fact, it is specially noted that the family were iu 
other respects well, They ate heartily, and slept soundly when the pain 
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began t'i itliali. 1 . Tlii: mother looked ennuttiaUtd. “The poor hoy iu 
particular looked ns healthy and florid as possible, and was Hit.f.ing an 
tile hod ijnit.o jolly, drumming with his stumps.’’ Tliey lived us Urn 
Country peopla at the time usually lived, on dried pens, pir.kiwl pork, 
bread and eliecsr, luilk, and small lieer. l)r. \Vrdltislon strictly ex 
uoiiueil the corn with which they made the bread, and he l'ouud it. 
“ very had ; it was wheat, that, had been cut in 11 ruiny seusou, and laid 
lain in the ground till many of the grains were black and totally 
decayed, ” * 

S ;>sr>. Symptoms of Acute Poisoning by Ergot. — In a fatal ease 
of jioisuuing by ergot of rye, recorded by* l)r. 1 )a vid.soi 1,1 iu which a 
hospital nurse, aged 'J S , took ergot, (lie symptoms were, uiuiuly vomiting 
of blood, the pinsing of bloody urine, intensa jaundice, and stupor, lint 
iu other eases, janndicu and vomiting of blood have nut. hern recorded, 
and the general eoiirse of acute poisoning slmws, uu the one hand, symp 
IttuiH of intruse gasti'ii intiTsl.iiinl irritation, as vomiting, colicky pains 
and diarrheal V and, Oil till! Other, of a seemidary uU'er.linii of the liervaiis 
system, weakness of the limits, aberrations of vision, delirium, retention 
of urine, coma, and dmth, 

| fjHti, Physiological Action as shown by Exp(a'iments on Annuals, 
-lu spite of numerous nx|ieiimmtls <111 animals and man, the action of 
the ergot. principles remaius nhsi'iire, It has lteen found ill medieinc to 
e vert a siiei'iiic uetioll Iin tllir litem', { c.suisilig powerful Colit riietious of 
tint organ, especially in labour. It is also a banuost at ie, and is used t.n 
cheek hits ‘ding from the lungs and other internal organs of tlm body, 
This liaannstat ie action, us well as tlm extraordinary property possessed 
by ergot, of producing all arrest of dint.iirlrauoe of the circulation 
inducing gangrene, lilts naturally let! In the belief that ergot, causes 
a narrowing in the calibre of tln r small arteries, lint this has not 
rereived the liecu -Hary exjieriiueut.iU Hlliiet.inn, lhdices ,5 liberty, 

* III the I'll' 1 . Tti’r’l. |..l J 7 <Vlr there life tvvi iJoie.tly retienl itddt iiCf‘r,aul.M of thill 
eieie ; air I iii tie j.ifi I, ej.ni.ji Watii -.iiaiii. there is mill to hi 1 a oieinmial 
tablet, Vi In* Ii nuir to f'di..,'* , ; "Till; i a ,i' II | U I ' ■! i .elVe-. ti> mil Iroit t.liaxte tile Until 

■ 4 i iegalu e il.Knity wlni h leHr-iily iiapjo-tud to a peer tomiy in tlii:-. pari di, 

■ if whir It it [ei mi tut tUii tiet |,y a ni>'iiateati'ui iiirt in lie amitnitcil I'm, a 
(it'd inn uc.- ef He ir case ii iee„|,|.r| in lie I'aiidt Register nnd l‘lil/<i:«i/<//^iil 
yve .i ,i. i . .... . j,,, j ” 

t /.rnt'.f. f*r-pt, UU, Js^e 

1 Iu a t .oe in wlii' li 1 1 (e iieaiia.' uclleu wu engaged, adahl.hr in ding., having 
ii.e[j|.,.,I y.,i|j;g ivtiiicik, adlllilii tep-d t.n J|e|- a ile e of erg 1.1 which [rtialileni u 
ms tniiii'-', uad f..r thi-. n#Wer Ie' eeavicieij. Ttie detciwr raised ivn-. thin expel 
i> a eiriiaioo oerii'ice ile.l Irv j itiy.i i'ia( i i in Ute treatment. ef (lUieliiilipnit, mnj 
ollea iiteiioe nJlreiini,.. Ait innit'lt iii it .r-it this .tat i ne- id w/ci pei|W‘tI,y f air, u . » 
chf.-iife it was iif v.dei. >ler[ J. v tie t,|i dee- pi lea, til'- fan, lit f It r l .}.. idet tin, i<ad t tie 
r* t ill' r 'HrllUe.laJire , el tl(». .M l*., 

Arekivtl. /'/o l ee/. .Ww. X. /'-it/i'./. , iii, ji. .‘fs |, 
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Kohler,* and Wernick f all observed a contraction in the part to which 
the ergot was applied, both in frogs and in warm-blooded animals ; 
but L. Hermann, | although he made many experiments, and used 
various preparations, never succeeded in observing a contraction. It 
would also seem, reasonable to expect that with a narrowing of the 
vessels, which means a peripheral obstruction, the blood-pressure would 
rise, but on the contrary the p'essure sinks, a fact on which there is uo 
division of opinion. 

Nikitin has made some researches with pure sclerotic acid, which 
certainly possesses the most prominent therapeutic effects of ergot ; but 
since it is not the only toxic substance, it may not represent the 
collective action of the drug, just in the same way that morphine is not 
equivalent in action to opium. Cold-blooded animals are very sensitive 
to sclerotic acid ; of the warm-blooded the carnivora are more sensitive 
than the lierbivora. The toxic action is specially directed to the 
central nervous system— with frogs, the reflex excitability is diminished 
to full paralysis ; with warm-blooded animals reflex excitability is only 
diminished, and continues to exist even to death. 

The temperature falls, the breathing is slowed, and the respiration 
stops before the heart ceases to beat ; the peristaltic action of the intes- 
tines is quickened, and the uterus (even of non-pregnant animals) is 
thrown into contraction. The terminations of the sensory uerves are 
paralysed by the direct action of sclerotic acid, but they remain intact 
with general poisoning. The heart of frogs is slowed by sclerotic acid. 
Eberty observed that this slowing of the heart (he used ergotin) was 
produced even after destruction of the spinal cord ; he therefore con- 
sidered it as acting on the inhibitory nerve apparatus of the heart itself. 
Kossbacli, using Wenzeln’s eebolin, has also studied its action on the 
heart of the frog, and observed that the slowing affected the ventricles 
rather than the auricles, so that for one ventricle-systole there were two 
contractions of the auricles ; besides which, the contractions themselves 
were peculiar and abnormal in character. The cause of death from 
sclerotic acid seems to he paralysis of the respiration. It is said not to 
affect auimal fcetal life, With regard to the effects produced by feeding 
animals with ergotised grain, experiments made during the last century 
have proved that it produces a gangrenous disease — e.g., C. Salerno mixed 
one part »f spurred rye with two of good barley, and fed pigs with t-lie 
mixture ; a few days afterwards the pigs perished with dilated, lianl, 
and black hollies, and offensively ulcerated legs ; another pig, fed entirely 
on the rye, lost its four feet and both ears, 

* Uriel- die JPirkungen dr.s Seeale Corimtnm, Dissert. Halle, 1873. 

] Arch. f. pathol, Anat ,, lvi. p. 505. 

t Lchrbnch der exper. Toxicologic, Berlin, 1874, p, 386. 
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Kobert* has investigated the effects produced on animals by “spha- 
celic acid, ” and by “ cornutin.” Sphacelic acid appears to cause gangrene- 
like ergot, and Kobert believes that in “ sphacelic acid ” is to be found 
the gangrene-producing substance. In cases of death putrefaction is 
rapid, the mucous membrane of the intestine is swollen, and the spleen 
enlarged. If the mucous membrane of the intestine is examined micro- 
scopically, a large quantity of microorganisms are found in the vessels, 
in the villi, between the muscular bundles, and in the deeper layers of 
the intestinal walls ; this is evidence that the protective epithelial cells 
have been destroyed. The mesentery of cats, pigs, and fowls contains 
numerous small extravasations of blood. The organs generally, and 
especially the subcutaneous cellular tissue, are tinged with the colouring 
matters of the bile ; this Kobert considers as evidence of weakened vitality 
of the red blood corpuscles. The walls of the blood-vessels show hyaline 
degeneration, and give with iodine a quasi-amyloid reaction. The vessels 
are often partly filled with a hyaline mass, in which, at a later date, a fine 
black pigment appears. These pigmented hyaline masses probably 
occlude the vessels, and hence cause gangrene. 

Cornutin, according to Kobert, first excites the vagus ; consequently 
there is slow pulse and heightened blood -pressure ; then it paralyses the 
vaso-motor centre, and the pulse is accelerated. Severe convulsions, 
preceded by formication, follow, Paralysis of the extensor muscles, with 
permanent deformity, may result. Cornutin stimulates the uterus to 
contraction, but it does not act so well in this respect alone as when 
given with sphacelic acid. In animals poisoned with cornutin, no special 
pathological changes of a distinctive nature have been described, 

§ 587. Separation of the Active Principles of Ergot from Animal 
Tissues. — There has beeu no experience in the separation of the constitu- 
ents of ergot from the organs of the body ; an attempt might be made 
011 the principles detailed on page 254, but success is doubtful. 


II.— Pierotoxin, the Active Principle of the Cocculus 
indieus (Indian Berry, Levant Nut). 

§ 588. The ben'ies of the Menispermum cocculus comprise at least 
three definite crystalline principles: menispermine, t pammenispermine 

* Lckrbuck tier IntoxiccUioncm, by Dr, Rudolph Kobert, Stuttgart, 1893, 
t Menispermine ?), discovered iu 1834 by Pelletier and Courbe, is 

associated with a second named paramcniipcrmine , The powdered berries are 
extracted by alcohol of 36° ; the pierotoxin removed by hot water from the alcoholic 
extract; the menispermine and paramenispermine dissolved out together by aeidn. 
lated water, and from this solution precipitated by ammonia. The brown precipitate 

30 
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(■nitrogen containing bases), and picrotoxin, which possesses some of the 
characters of an acid, 

§ 589. Picrotoxin was discovered in 1820 by Boullay. It is usually 
prepared by extracting the berries with boiling alcohol, distilling the 
alcohol off, boiling the alcoholic residue with a large quantity of water, 
purifying the watery extract with sugar of lead, concentrating the 
colourless filtrate by evaporation, and crystallising the picrotoxin out of 
water. Picrotoxin, so prepared, is probably a mixture of two bodies — 
picrotoxinin, C l5 H ie 0 6 , and picrotin, C 16 H lS 0 7 , although some authors 
consider it to be a definite compound of these two bodies. 

The mixture crystallises out of water, and also out of alcohol, in 
colourless, flexible, four-sided prisms, often arborescent, aud possessing a 
silky lustre. They are unalterable in the air, soluble in 150 parts of 
cold, and 25 parts of boiliug water, dissolving easily in acidified water, in 
spirit, in ether, in amyl alcohol, and chloroform. They are without smell, 
but have an extremely bitter taste. Caustic ammonia is also a solvent. 

The crystals are neutral in reaction. They melt at 199°— 200° C. to 
a yellow mass ; at higher temperatures giving off an acid vapour, with 
a caramel-like odour, and lastly carbonising. Picrotoxin in cold concern 
trated sulphuric acid dissolves with the production of a beautiful gold' 
yellow to saffron-yellow colour, which becomes, on the addition of a trace 
of potassic bichromate, violet passing into brown. An alcoholic solution 
turns a ray of polarised light to the left [a] D = -28'l°. 

Concentrated aqueous solutions of alkalies and ammonia decompose 
picrotoxin fully on warming, It reduces alkaline copper solution, and 
colours bichromate of potash a beautiful green, The best test for its 
presence is, however, as follows: — The supposed picrotoxin is carefully 
dried, and mixed with thrice its bulk of saltpetre, the mixture moistened 
with sulphuric acid, and then decomposed with soda-lye in excess, when 
there is produced a transitory brick-red colour. For the reaction to 
succeed, the picrotoxin should be tolerably pure, 


is dissolved by acetic acid, filtered, and again precipitated by ammonia. This 
precipitate is dried, treated with cold alcohol to separate a yellow resinous sub' 
stance, and lastly with ether, which dissolves out the menispermine, but leaves the 
paramenispermiue, 

Menispermine forms white semi-transparent, four-sided, truncated prisms, melt, 
mg at 120°, decomposed at a higher temperature, insoluble in water, but dissolving 
in warm alcohol and ether, Combined with 8 atoms of water it crystallises in needles 
and prisms. The crystals are without any taste; in combination with acids, salts 
may be formed, 

Paramenispermiue forms four-sided prisms, or radiating crystalline masses, 
melting at 250°, and subliming undeeomposed. The crystals are soluble in absolute 
ether, insoluble in water, and scarcely soluble in ether, 

Paramenispermiue dissolves in acids, but apparently without forming definite 
salts. 
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Solutions of picrotoxin are not precipitated by the chlorides of 
platinum, mercury, and gpld, iodide of potassium, ferrO' and ferri-cyanides 
of potassium, nor by picric nor tannic acids. 

Piero toxinin (C l6 H 1( .O s ) is best obtained by brominating picrotoxin 
in hot solution \vitli a slight excess of bromine water, and removing the 
excess of bromine from the crystalline monobromopicrotoxinin, which is 
separated by means of zinc dust and acetic acid, It crystallises from 
hot water in colourless anhydrous crystals, and from cold water 
in rhombic platea It melts at 200°-201°; with H 2 S0 4 it gives an 
intense orange-red colour. Bromopicrotoxinin (C 1A H v> BrO c ) melts at 
259°-260°. 

Piero tin (C u H l8 0 7 ) separates out ou cooling the filtrate from the 
bromopicrotoxinin ; it may be purified by washing with small quantities 
of hot chloroform and recrystallising from water. It forms small 
needles or rhombic prisms melting at 248°-250° ; it is soluble in absolnte 
alcohol or acetic acid, andonly slightly in ether, chloroform, and benzene. 
It reduces Fehling’s solution and has (a) D = — 6470° ; it forms a nnmber 
of derivatives, such as benzoylpicrotin (C^H^OyBz), crystallising from 
absolute alcohol in colourless crystals— m.p. 236° ; acetylpicrotin 
(CjjH i7 0 7 A.c), m.p. 244° -245°; anhyd r od iacetyl pi crotin (C u H u O 0 ACo) ; 
and diacetylpicrotin (C 15 H 10 O 7 Ac g ), an oil,* 

§ 590, Fatal Dose, — Yossler killed a cat in two hours with a dose of 
•12 grm. (1‘8 grain); and another cat, with the same dose, died in 45 
minutes, Falck destroyed a young hound with ’06 grm. ('92 grain) 
in 24 to 26 minutes, Given by subcutaneous or intravenous injection, 
it is, as might be expected, still more lethal and rapid in its effects. In 
an experiment of Falc.k : s, 03 grm, ('46 grain), injected into a veiu, 
destroyed a strong hound within 20 minutes; 016 grm. (-24 grain), 
injected under the skin, killed a guinea-pig in 22 minutes; and '012 
grm. (' 18 grain) a hare in 40 minutes, Fence it may be inferred tliat 
from 2 to 3 grains (12'9 to I9‘ 4 ccntigrms,) would, in all probability, be 
a dangerous dose for an adult person. 

§591. Effects on Animals, — The toxic action of picrotoxin on fish 
aud frogs has beeu proposed as a test, Ike symptoms observed in fish 
are mainly as follows ; — The fish, according to the dose, show uncertain 
motions of the body, lose (heir balance, and finally float to the surface, 
lying on one side, with frequent opening of the mouth and gill-covers. 
These symptoms are, however, in ito way distinguishable from those 
induced by any poisonous substance in the water, or by many diseases 
to which fish are liable. Nevertheless, it may be conceded that in 
certain cases the test may be valuable — if, e.//., beer be the matter 
of research, none of the methods used for the extraction of picrotoxiu 
* B. J, Meyer and P. Bengcr, Sei\, xxxi., 1898, 
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will be likely to extract any other substance having the poisonous action 
described on fish, so that, as a confirmatory test, this may be of use. 

Frogs, under the influence of picrotoxin, become first uneasy and 
restless, and then somewhat somnolent ; but after a short time tetanic 
convulsions set in, which might lead the inexperienced to imagine that 
the animal was poisoned by strychnine. There is, however, one marked 
distinction between the two — viz., that in picrotoxin poisoning nn 
extraordinary swelling of the abdomen has been observed, a symptom 
which, so far as known, is due to picrotoxin alone. The frog is, therefore, 
in this instance, the most suitable object for physiological tests. 

Beer extract containing picrotoxin is fatal to flies ; but no definite 
conclusion can be drawn from this, since many bitter principles (notably 
quassia) are in a similar manner fatal to insect life. 

§ 592. Effects on Man. — Only two fatal cases of poisoning by picro- 
toxin are on record. In 1829 several men suffered from drinking min 
which had been impregnated with Cocculus indicus ; one died, the rest 
recovered. In the second case, a boy, aged 12, swallowed some of a 
composition which was used for poisoning fish, the active principle ct 
which was Goeadus indicus ; in a few minutes the boy experienced ; 
burning taste, lie had pains in the gullet and stomach, with frcqueir 
vomiting, and diarrhoea. A violent attack of gastro*enteritis supcrvoi i cd 
with fever and delirium ; he died on the nineteenth day, The postmio r ton 
signs were those usual in peritonitis', the stomach was discolor U‘c< 
and its coats thinner and softer than was natural ; there were also ofclio 
changes, but it is obvious that, as the death took place so long after th 
event, any pathological signs found are scarcely a guide for future ca.sct 
§593. Physiological Action. — The convulsions are considered to siru 
from au excitation of the medulla oblongata ; the vagus centre is stimt 
lated, and causes spasm of the glottis and slowing of the heart’s uotic 
daring the attack. Rohrig also saw strong contraction of the nton 
produced b j picrotoxin. According to the researches of Crichton Ilro wn 
chloral hydrate acts in antagonism to picrotoxin, and prevents the co 
vulsions in animals if the dose of picrotoxin is not too large. 

§ 594, Separation from Organic Matters. — Picrotoxin is ext rack 
from aqueous acid solutions by either chloroform, amyl alcohol, or ether 
the first is the most convenient. Benzene does not extract it, if employ 
in the same manner. On evaporation of the solvent the crude picrat.ox 
can be crystallised out of vvater, and its properties examined, 

It. Palm* has taken advantage of the fact that picrotoxin for uu 
stable compound with freshly precipitated lead hydroxide, by applyi 
this property as follows : — The solution supposed to contain picrotoxin 
evaporated to dryness, and the extract then taken up in a very lit 
* J. Pharm. (5), xvii. 19-20. 
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water, acidified and shaken out with ether. The ether is evaporated, 
the ethereal extract dissolved in a little water, the aqueous solution 
filtered through animal charcoal, and p'ecipitated by means of lead 
acetate, avoiding excess. The solution is filtered, and shaken with freshly 
prepared lead hydroxide. The lead hydroxide is dried and tested direct 
for picrotoxin ; if it does contain picrotoxin, then, on adding to it con- 
centrated H 2 S0 4 , a beautiful saffron -yellow is produced as bright as if the 
substance was pure picrotoxin. 


Ill— Tutin— Coriamyrtin. 


§ 594a. There are three species of Coriaria in New Zealand — U. Har- 
■uieniosa, G. arbor ea , and G. Tutu ; the latter is commonly known us the 
tree toot. From the New Zealand plants Easterfield and Aston* have 
separated a crystalline non-uitrogenous glncoside, tutin, very nearly 
allied to a glucoside previously separated from the European species by 
Ribau, and named by him coriamyrtin. 

The chemical differences between these two principles are as 


follows : — 

Solubility in 100 parts of 
water , 

Solubility in 100 parts of 
alcohol .... 

Reaction with HI followed 
with potash , 

Concentrated H.j30 4 , 

Subliming point 


Tutin 

C 17 H.jj0 7 

1-8 at 10° 

8'2 at 16° 

Nil 

Blood- red colour 
About 120° 


Coriamyrtin 

9iiH, s 0 5 

1-4-1 at 22° 

•J-00 at 22“ 

Magenta colour 
Dirty yellow 
About 150° 


The Tutu plants are highly toxic to animals who have not become 
immune by eating small quantities ; for the native cattle in the Tutu 
districts apparently consume moderate amounts of the shrubs with 
impunity, whereas other cattle become seriously ill. Both coriamyrtin 
and tutin belong pharmacologically to the picrotoxin group of substances. 
Tutin is somewhat less toxic than coriamyrtin. There is first depression, 
followed by salivation ; the pulse is slowed, the respirations increased in 
frequency, and, finally, clonic convulsions occur: 129 mgrms. killed a 
kitten weighing 1 kilogramme in 40 minutes ; 1 mgrm. induced in a cat, 
2 kilogrms, in weight, a convulsive seizure, and the animal did not 
recover for 24 hours. 

The method of extracting tutin is, briefly, as follows : — The plant, 
finely divided, is boiled with water, this aqueous extract precipitated by 
alcohol, the filtrate freed from aleohol, and the tutin extracted by ether. 

* Easterfield and Aston, Joan. Chem . Joe . , Trans., 1901. 
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IV —The poison of Illicium Religdosum — A Japanese Plant. 

§ 595. A new poison belonging to the picrotoxiu class lias been described by I)i, 
A. Langaard. In 1880, 5 children in Japan were poisoned by the seals of the 
IUfciim religiosum : 3 of the children died. Dr. Langaard then made various ex- 
periments ou animals with an active extract prepared by exhaustion with spirit, and 
ultimate solution of the ex tract in water. Eylcmann lias also impmfuctly examined 
the chemistry of the. plant, and has succeeded in isolating a crystalline body which 
is not a glueoside ; it is soluble in hot water, ill chloroform, other, alcohol, and 
acetic acid, but it is insoluble in petroleum ether ; it melts at 175°, and above, tlmt 
temperature gives an oily sublimate. Langaard *s conclusions arc that all parts of 
the plant are poisonous, The poisou produces excitation of the central apparatus id 
the medulla oblongata and clonic convulsions analogous to those produced by pierm 
toxin, toxireslu, and cieutoxin, Before the occurrence of convulsions, the reflex ex- 
citability of frogs is diminished, the respiratory centre is stimulated, hence frci|Ui-iioy 
of the respiration. Small doses cause slowing of the pulse through stimulation id' the 
vagus and of the peripheral terminations of the vagus; in the heart the f'unr.Uumil 
activity is later diminished. Small doses kill by paralysing tim respiratory ei-.iif.n-. ; 
large, by heart paralysis. The proper treatment seems to be by chloral hydrate, for 
when animals are poisoned by small lethal doses it appears to save, life, although 
when the dose is large it has uo effect. — Ueber die Cfi/tvjUicaaij 7(mi. ./«/«// ia^hem 
Sternanis {IUicium rcliyios-tini, Sieb. ), Virch , Arcliiv , Bil, lxxxvi, , 1881, K. 222. 


V. Picric Acid and. Picrates. 

/OK 

§ 596. Picric Acid, C 0 H 3 N 3 O 7 , or C c H,/ istrinitropbcuol ; it 

^(NO ,) 3 

forms a number of salts, all of which are mote or less poisonous. Picric 
acid is much used in the aits, especially as a dye. The pure, substance 
is in the form of pale yellow crystals, not very soluble in cold water, 
but readily soluble in hot water, and readily soluble in benwaie, ether, 
and petroleum ether. The solution is yellow, tastes bitter, and dyes 
animal fibres, such as wool ; but it can be washed out of plant fibres 
such as cotton. 

§ 597. Effects of Picric Acid.— Picric acid and its salts have a ten. 
deucy to decompose the elements of the blood, and to produce lnuf-hi--.. 
moglobin j picric acid is also an exciter of the nervous system, producing 
convulsions. To these two effects must he added a third ; in ncid solu* 
tionit has a strong affinity for albumin, so that if it moots with an acid 
tissue it combines with the tissue, and in this way local necroses are sot 
up. The action on albumin is somewhat waakened by the reduction in 
the body of part of the picric acid to picraminic acid, CfgH^NO^N 11. ,011, 
a substance that does not so readily form compounds with -albuminous 
matters. Doses of 0'5 to 0'9 grm. (about 8 to 14 grains) may bo taken 
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several days in succession without marked symptoms. Ultimately, how- 
ever, what is known as “ picric jaundice ” appears, the conjunctiva and 
the whole skin being stained more or less yellow. The urine, at first of a 
dark yellow, is later of a red-brown colour, Dyspepsia, with flatulence and 
an inclination to diarrhoea, have been noticed. A single dose of a gramme 
(15'4 grains) caused in a case described by Adler * pain in the stomach, 
headache, weakness, diarrhoea, vomiting of yellow matters, quickening 
and afterwards slowing of the pulse; the skin was of a brown-yellow 
colour, and there were nervous symptoms. The urine was ruby-red. In 
both faeces and urine picric acid could be recognised. The excretion of 
picric acid continued for six days. A microscopical examination of the 
blood showed a diminution of the red blood corpuscles, an increase in 
the white. Che'ron f has described a case in which the application of 
0‘45 grm. (6 - 9 grains) to the vagina produced yellowness of the skin in 
an hour, and the urine was also coloured red. Erythema, somnolence, 
burning and smarting in the stomach and in the kidneys were also 
noticed. 

§ 598. Tests. — Picric acid is easily separated from either tissues or 
other organic matters. These are acidified with sulphuric acid and then 
treated with 95 per cent, alcohol ; the alcohol is filtered off, distilled, 
and the residue treated with ether ; this last ethereal extract will con- 
tain any picric acid that may be present. 

If the ether extract contains much impurity, it may be necessary to 
drive off the ether, and to take up the residue with a little warm water, 
then to cool, filter through a moistened filter-paper, and test the aqueous 
solution, Picric acid, warmed with KCN and KHO, gives a blood -red 
colour, from the production of iso'purpurate of potash. Ammoniacal 
copper sulphate forms with picric acid yellow-green crystals which 
strongly refract the light. If a solution of picric acid be reduced by the 
addition of a hydrochloric acid solution of stannous chloride, the sub- 
sequent addition of ferric chloride produces a blue colour, due to the 
formation of amidoimidophenol hydrochloride, C 0 H 2 OH(NH 2 )(NH) 2 HG'l. 


VI.— Cieu toxin. 

§ 599, The Cicuta virosa, a not very common umbelliferons plant 
growing in moist places, is extremely poisonous It is from 3 to 4 feet 
in height, with white flowers ; the umbels are large, the leaves arc tri- 
partite, the leaflets linear lanceolate acute, serrate decurrcnt j the calyx 
has five leaf-like teeth, the petals are oboordate with an inflex point ; 
the carpels have five equal broad flattened ridges with solitary stripes. 

* Wiener med, Woch., 1880, 819, 1' J. Clxiron, Journ. < le Ther,, 1880, 121. 
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Bolmi* succeeded, iu 1876, in separating an active principle from this 
plant. The root was dried, powdered, aud exhansted with other ; on 
evaporation of the ether the extract was taken up with alcohol, aud after 
several days’ standing the filtrate was treated with petroleum ether ; after 
removing the petroleum, the solution was evaporated to dryness in a 
vacuum ; it was found to be a resinous mass, to which was given the 
name dcutoxiii, It was fully soluble in alcohol, ether, or chloroform, 
and was very poisonous, but what its exact chemical nature may be is 
still unknown. 

§ 600. Effects on Animals. — Subcutaneously injected into frogs, 
cicutoxiu acts something like pierotoxin, and something like the barium 
compounds. Ten to fifteen minutes after the injection the animal 
assumes a peculiar posture, holding the legs so that the thigh is stretched 
out far from the trunk, and the leg at right angles with the thigh ; volun- 
tary motion is only induced by tlie strangest stimuli, and when the 
frog springs, he falls down plump with stiffly stretched-out limbs. The 
frequency of breathing is increased, the muscles of the abdomen are 
thrown in.to contraction, and, the lungs being full of air, on mechanical 
irritation there is a peculiar loud cty, depending upon the air bring 
forced under the conditions detailed through the uarrmv glottis. 
Tetanic convulsions follow, gradually paresis of the extremities appears, 
and, lastly, full paralysis and death ; these symptoms arc scon after 
doses of from 1 to 2 mgrms. The lethal dose for cats is about 1 
centigrm. per kilo. Diarrhoea, salivation, and frequent breathing arc 
first seen, and are followed by touic and clonic convulsions ; then there 
is an interval, during which there is heightened excitability of veil ex 
action, so that noises will excite convulsions. Small closes ley exciting 
the vagus slow the pulse ; larger doses quicken the pulse, aud raise the 
arterial pressure, Cieutoxin is supposed to act specially on the medulla 
oblongata, while the spinal cord and the brain are only secondarily 
affected, 

§ 601. Effects on Man, — F. A. Falck was able to collect thirty one 
cases of poisoning by cicuta; of these 14 or 45'2 per cent. died. The 
symptoms arc not dissimilar to those described in animals. There are 
pain aud burning in the stomach, nausea, vomiting, headache, and then 
tetanic convulsions, These, in some cases, are very severe, aud resemble 
those induced by strychnine; but in a few cases there is early coma 
without convulsions, There is also difficulty or absolute impassibility 
of swallowing, Iu fatal cases the respiration becomes stertorous, the 
pulse small, the pupils dilated, and the face cyanotic, and death occurs 
within some four hours, and in a few cases later. The fatal dose is 
unknown. 


Arch.f exp. Path,, Bd, v., 1870. 
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§ 602. Separation of Cicutoxin from the Body, — An attempt might 
be made to extract cicutoxin from the tissues on the same principles as 
those by which it has been separated from the plant, and identified by 
physiological experiments. In all recorded cases, identification has been 
neither by chemical nor physiological aids, but by the recognition of 
portions of the plant. 


VII.— iEthusa Cynapium (Fool’s Parsley). 

§ 603. This plant has long been considered poisonous, and a number 
of cases arc on record in which it is alleged that death, or illness resulted 
from its use. Dr. John Harley,* however, in an elaborate paper, has 
asserted the innocence of this plant, and has analysed the cases on 
record. He lias experimented on himself, on animals, and on men, 
with the expressed juice and vvitli the tincture. The results were 
entirely negative ; some of the published cases he refers to couium, and 
others to aconite. The discussion does not seem entirely closed, for 
Dr. Davison f relates a case of serious illness he attended in which he 
identified the plant taken by the patient as that of fool’s parsley. 


VIII.— (Enanthe Crocata. 

§ 604. The Water Hemlock, j — This, a poisonous umbelliferous 
plant, indigenous to England, and growing in moist places such as 
ditches, etc,, is in flower in the month of August. It resembles some> 
what celery, and the root is something like the parsnip, for which it 
has been eaten, All parts of the plant are said to be poisonous, but 
the leaves and stalks ouly slightly so, while the root is very deadly. 
We unfortunately know nothing whatever about the active principles 
of the plant ; its chemistry has yet to be worked out. M. Toulmouche 
( Gaz . Med., 1846) has recorded, as the expert employed in the case, 
au attempt to murder by using the ananthe as a poison ; a woman 
scraped the root into her husband’s soup with evil intent, but the taste 
was unpleasant, and led to the detection, of the crime. The root has 

* St. Thonuu , J Hospital lteports, N.S, , 1875, 

t Brit. Med. Journ., 1904, vol, ii, 124, 

% The earliest treatise on poisoning by the water'liemloek is by Wepfer — Cicutce 
Jquat. Historia ct Noxce, 1679. Kor oases, see Trojanowsky, Dorp. vied. Ztg., 1875 ; 
Meyer, Med. Zeitg. f Preiissen, 1842 ; Seklesier in Casper’s Wochcnsehrift, 1843 ; 
Maly, (Ester, med, Woehensehr., 1844 ; Badgeley, Montreal Med. Gaz., 1844 ; Lender, 
Viertclj.f. ger. Med., 1865 ; Gauipf, Coin. Pluirm, Zeitg., 1875 ; and the treatises of 
Taylor and others. 
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been mistaken several times for parsnip and other edible roots, and has 
thus led to poisonings. The case of 36 soldiers poisoned in this way, in 
1758, has been recorded by Orfila ; there was one death. In 1803 three 
soldiers were poisoned at Brest — 1 died. In Woolwich, Bossey witnessed 
the poisoning of 21 convicts who ate the roots and leaves of the plant — 

6 died. In 1858 there were several sailors poisoned in a similar way — 

2 died ; while there have been numerous cases in which the plant has 
been partaken of by children. 

§ 605. The effects of the poison may be gathered from a case of poison- 
ing* which occurred in 1882 at Plymouth; a Greek sailor, aged thirty, 
found on the coast what he considered " wild celery,” and ate part of the 
root and some of the stem. Two hours after this he ate a good meal and 
felt perfectly well, but fifteen minutes later he suddenly and violently 
vomited ; the whole contents of the stomach were completely evacuated. 

In five minutes he was completely unconscious, and had muscular twitch- 
ings about the limbs and face. There was a copious flow of a thick 
tenacious mucus from the month which hung about the lips and clothing 
in viseid strings. Twenty -four hours after the poisoning he was admitted 
into the South Devon Hospital apparently semi-comatose ; his legs dragged, 
and he had only feeble control of them ; the extremities were cold, but 
there was general free sweating, He could be roused only with difficulty. 
There were no spasms, the pupils were dilated and sluggish, the respira- 
tion only 1 4 per minute. Twelve hours after admission he became warmer, 
and perspired freely ; he slept continuously, but could easily be roused. 
On the following day he was quite conscious, and made a good recovery. 
Two companions who had also eaten a smaller quantify of the hemlock 
dropwort, escaped with some numbing sensations, and imperfect control 
over the extremities. In the Woolwich cases the symptoms seem to 
have been something similar; in about twenty minutes, one man, without 
any apparent warning, fell down in strong convulsions, which, soon ceased, 
although he looked wild; a little while afterwards his face became bloated 
and livid, his breathing stertorous and convulsive, and he died in five 
minutes after the first symptoms had set in. A second died with similar 
symptoms in a quarter of an hour ; a third died in about an hour, a fourth 
in a little more than an hour ; two other cases also proved fatal, one in 
nine days, the other in eleven, In the two last cases there were signs of 
intestinal irritation. The majority of the others fell down in a state of 
insensibility with convulsions, the after-symptoms being more or less 
irritation of the intestinal canal. 

§ 606. Post-mortem Appearances.— It was noticed in the Woolwich 
cases that those who died quickly had congestion of the cerebral vessels, 
and, in one instance, there was even extravasation of blood, but the man 
* Lancet, Dee. 18, 1882, 
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who died first of all had no congestion of the cerebral vessels. The 
lining membrane of the wind-pipe and air-tubes was intensely injected 
with blood, and the lungs were gorged with fluid blood j the blood in 
the heart was black and fluid. The stomach and intestines were exter- 
nally of a pink colour. The mucous membrane of the stomach was much 
corrugated, and the follicles particularly enlarged. In the two protracted 
cases the stomach was uot reddened internally, but the vessels of the 
brain were congested. 


IX.— Oil of Savin. 

§ 607. The leaves of the Sabina communis ( Juniperus Sabina), or 
common savin, an evergreen shrub to be found in many gardens, contains 
a volatile oil, which has highly irritant properties. Savin leaves are 
occasionally used in medicine, maximum dose 1 grm. (15'4 grains). 
There is also a tincture — maximum dose 3 c.c. (about 45 mins.) — and 
an ointment made by mixing eight parts of savin tops with three of 
yellow wax and sixteen parts of lard, melting and digesting for twenty 
minutes, and then straining through calico. The oil, a tincture, and an 
ointment, are officinal pharmaceutical preparations. 

The oil of savin is contained to the extent of about 2 per cent, in the 
leaves and 10 per cent, in the fruit, It has a peculiar odour, its specific 
gravity is '89 to '94, and it boils at 155° to 160°. An infusion of savin 
leaves (the leaves being druuk with the liquid) is a popular and very 
dangerous abortive. 

It is stated by Taylor that oil of savin has no abortive effect, save 
that which is to be attributed to its general effect upon the system ; hut 
this is erroneous, Kohrig found that, when administered to rabbits, it 
had a very evident effect upon the pregnant uterus, throwing it into a 
tetanic contraction. The action was evident after destruction of the 
spinal cord, The plant causes great irritation and inflammation, whether 
applied to the skin or taken internally. The symptoms are excruciating 
pain, vomiting, and diarrhoea, and the person dies in a kind of collapse. 

In a case in which the senior author was engaged some years ago, a 
woman, pregnant by a married man, took an unknown quantity of 
infusion of savin tops. She was violently sick, suffered great pain, 
with diarrhoea, and died in about 26 hours. The pharynx was much 
reddened, and the gullet even congested ; the stomach was inflamed, and 
contained some greenish matter, in which savin tops were detected, 
a few drops of a strong savin-like smelling oil were separated by distilla- 
tion. The time which would elapse between the swallowing of the 
poison and the commencement of the pain was an important factor in 



POISONS: THE1E EFFECTS AND DETECTION, [§ 608 6lO. 


476 

this case, for the man was accused of having supplied her with the 
infusion. From the redness of the pharynx, and, generally, the rapid 
irritation caused bp ethereal oils, a few minutes only must have 
passed between the taking of the liquid and the sensation of consider, 
able burning pain ; although it is laid down in some works, as, for 
example, Falck’s Toxicologie, that commonly the symptoms do not 
commence for several hours. Symptoms which have been noticed 
in many cases are— some considerable irritation of the urinary organs, 
such as strangury, bloody urine, etc. j in a few cases vomiting of blood, 
in others anaesthesia, convulsions, and coma. Death may occur within 
twelve hours, or may be postponed for two or three days. 

§ 608. Post-mortem Appearances. — More or less inflammation of 
the bowels, stomach, and intestinal tract, with considerable congestion 
of the kidneys, are the sigus usually found. 

§ 609. Separation of the Poison and Identification. — Hitherto 
reliance has been placed entirely on the findiug of the savin tops, (ir- 
on the odour of the oil. There is no reliable chemical test. 


X.— Croton Oil. 


§ 6 1 0. Croton oil is an oil expressed from the seeds of Croton lic/lmm, 
a plant belonging to the natural order Eu/pfoorbUuxto, growing in the 
West Indies. The seeds are oval in shape, not unlike castor-oil seeds, 
and about three-eighths of an inch in length. Both the seeds and the 
oil are very poisonous, The chemical composition of croton oil can 
scarcely be considered adequately settled, The most recent view, how- 
ever, seems to be that it contains a fixed oil (C u H u O.,) with certain 
glycerides.* On saponifying and decomposing the soup a scries of 
volatile fatty acids can be distilled over, the principal of which arc 
methyl crotoihc acid, with small quantities of formic, acetic, iso- lmtytic, 
valeric, and perhaps propionic, and other acids, f The peculiar pm. 
perties of croton are due rather to the fixed oil than to the volatile 
principles The only officinal preparation in the British pharmacopeia 
is a “ croton oil liniment" containing one part of croton oil to seven of 
equal parts of oil of cajuput and rectified spirit. 


* G. Schmidt, Arch. Pkarm. [3], xiii, 213-229. Schlippc, Liebig’s ,/Wm 
ev. 1, Geuther and Frolilich, Zeitschrift f. Chem., 1870, 26 and 549 ; «/>„«•« ukrJ 
Society, March 1879, p. 221. ' 


+ Benedikt has found 0-55 per cent, of unsaponiiiable matter in croton nil 
Lewkowitsch gives the iodine value 101 '7 to 104-7, and solidifying paint us 18 -fi" ’ 
19-0°. (Cheml, Analysis of the Oils, Fats, and Waxes, by R. Benedikt, tmushUcd 
and enlarged by J. Lewkowitsch, Loudon, 1895 .) 
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§611. Dose. — The oil is given medicinally as a powerful purgative 
in doses up to 65 mgrms, (about a grain). It is used externally as an 
irritant or vesicant to the skin. A very dangerous dose would be from 
fifteen to twenty times the medicinal dose. 

Effects. — Numerous cases of poisoning from large doses of croton 
oil are recorded in medical literature, but the sufferers have mostly 
recovered. The symptoms are pain, and excessive purging and 
vomiting. 

In the case of a chemist,'*' who took half an ounce of impure croton 
oil instead of cod diver oil, the purging was very violent, and he had 
more than a hundred stools in a few hours ; there was a burning pain in 
the gullet and stomach, the skin was eyanosed, the pupils dilated, and 
great faintness and weakness were felt, yet the man recovered. A child, 
aged four, recovered from a teaspoouful of the oil given by mistake 
directly after a full meal of bread and milk. In five minutes there 
were vomiting and violent purging, but the child was well in two days. 
A death occurred in Paris, in 1839, in four hours after taking two and 
a half drachms of the oil. The symptoms of the sufferer, a man, were 
those just detailed, namely, burning pain in the stomach, vomiting, and 
purging. Singularly enough, no marked cliauge was noticed in the 
mucous membrane of the stomach when examined after death. An 
aged woman died in three days from a teaspoonful of croton-oil embro* 
cation ; in this case there were convulsions. 

In the case of Reg, v, Masmj and Feiraud,i the prisoners were 
charged with causing the death of a man, by poisoning his food with 
jalap and six drops of croton oil, The victim, with others who had 
partaken of the food, suffered front vomiting and purging ; he became 
better, but was subsequently affected with inflammation and ulceration 
of the bowels, of which he died. In this case it was not clear whether 
the inflammation had anything to do with the jalap and croton oil or 
not, and the prisoners were acquitted. In a criminal case in the United 
States, a man, addicted to drink, was given, when intoxicated, 2 drachms 
of croton oil in a glass of whisky, He vomited, bat was not purged, 
and in about twelve hours was found dead, The mucous membrane of 
the stomach and small intestines proved to be much inflamed, and in 
some parts eroded, aud croton oil was separated from the stomach, 

§612. Post-mortem Appearances, — Inflammation of the stomach 
and intestines are the signs usually found iu man and animals. 

§ 613, Chemical Analysis, — The oil maybe separated from the con- 
tents of the stomach by ether. After evaporation of the ether, the 
blistering or irritant properties of the oil should he essayed by placing a 
droplet on the inside of the arm. 

* Eduue de 2’/urapcut , , May 1881. 


t Orflla, t. i. p. 108. 
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Xi, The Toxalbumins of Castor- Oil Seeds and of Abrus< 

<1614. The Toxalbumin of Castor-Oil Seeds— In castoi'-oil seeds, 
besides the well-known purgative oil, there exists an albuminous body 
intensely poisonous, which has been carefully investigated lry Still murk,* 
under the direction of Robert, t Injected into the circulation it is more 
poisonous than strychnine, prussic acid, or arsenic , and since the pressed 
seeds are without taste or smell, this poison has peculiar dangers of its 
own. 

It is essentially a blood poison, coagulating the blood. 

The blood, if carefully freed from all fibrin, is yet again brought to 
coagulation by a small amount of this body. 

If castor-oil seeds are eaten, a portion of the poison is destroyed by 
the digestive processes; a part is not thus destroyed, but is absorbed, 
and produces in the blood-vessels its coagulating property. Where this 
takes place, ulcers naturally form, because isolated small areas art- 
deprived of their blood supply. These areas thus becoming (load, may 
be digested by the gastric or intestinal fluids, and thus, weeks after, 
death may be produced. The symptoms noted are nausea, vomiting, 
colic, diarrhoea, tenesmus, thirst, hot skin, frequent pulse, sweats, 
headache, jaundice, and death in convulsions or from exhaustion. 
Animals may be made immuue by feeding them carefully with small 
doses, gradually increased. 

The post-mortem appearances are ulceration in the stomach and 
intestines. In animals' the appearances of haemorrhagic gastroenteritis 
with diffuse nephritis, haemorrhages in the mesentery, and so forth laivir 
been found. 

§ 615. Toxalbumin of Abrus.— A toxalbumin is found in the Abus 
precatorius (Jequirity) which causes quite similar effects and symptoms. 
That it is not identical is proved by the fact that, though animals may 
become immune by repeated doses of jequirity against "Ahrin,” tin- 
similar substance from castor-oil seeds only confers immunity against 
the toxalbumin of those seeds, and not against abrin ; aud similarly 
abrin confers no immunity against the castor albumin. Either of these 
substances applied to the conjunctiva produces coagulation in tin- 
vessels and a secondary inflammation, to which in the case of jequirity 
has been given the name of “ jequirity -ophthalmia.” J 

The general effect of these substances, and, above all, the curious fact 
that a person may acquire by use a certain immunity from otherwise fatal 

* H. Stilhmrk, Dorp. Arb ., Bd. iii, 1889. \ Kobert’s LArbuck, -lSlMfiti. 

+ Heinr, Hellin, Der giftige Eiweisslcorpcr- Abrin u. wive Wiritumj uuf tins. 
Blut , Inaug-Diss., Dorpat, 1891, 
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doses, is so similar to poisonous products evolved in the system of persons 
suffering from infectious fevers that they have excited of late years much 
interest, and a study of their methods of action will throw light upon 
many diseased processes. 

At present there are no chemical means of detecting the presence of 
the toxalbumins mentioned. Should they be ever used for criminal 
purposes, other evidence will have to be obtained. 


XII.— Ictrogen. 

§ 616. Ictrogen. — Various lupins, e.g. Lupinus luteus , L, august i- 
folius , L. thermis, L. linifolius , L. hirsutus, contain a substance of which 
nothing chemically is known, save that it may be extracted by weakly 
alkaline water, and which has been named "ictrogen”; this must not 
be confused with the alkaloid of lupins named “ lnpinine,” a bitter-tast- 
ing substance. In large doses a nerve poison, ictrogen has the unusual 
property of acting much like phosphorus. It causes yellow atrophy of 
the liver, aud produces the following symptoms : — Intense jaundice: at 
first enlargement of the liver, afterwards contraction ; somnolence, fever, 
paralysis. The urine contains albumen and the constituents of the bile. 
After death there is found to be parenchymatous degeneration of the 
heart, kidneys, muscles, and liver, If the animal has suffered for some 
time, the liver may be cirrhotic. 

Hitherto the cases of poisoning have been confined to animals. 
Many thousands of sheep and a few horses and deer have, according to 
Kobert, died in Germany from eating lupin seeds, Further information 
upon the active principles of lupins may be obtained by referring to the 
following treatises : — G. Sohneidemuhl, Die lupiuen Krankheit der 
Schafe; Vortrttge /. Thierarzte. Ser. 6, Heft. 4, Leipzig, 1883. C. 
Arnold and G. Schneidemuhl, Vierter Beitrag -/-ur Klarstellung der 
Ursache u, des Wesens der Lugnnvse, Luneburg, 1883 ; Julius Lowenthal, 
Ueber die physiol, u. toxicol. Wir/cungen der Lupinenalfraloide, lnaug • 
Diss., Konigsbeig, 1888, 


XIII.— Cotton Seeds. 

§ 617. Cotton seeds, used as an adulterant to linseed cake, etc., 
have caused the death of sheep and calves. Cotton seeds contain 
a poison of which nothing is chemically known, save that it is 
poisonous. It produces anaemia and cachexia in animals when given in 
small repeated doses. 
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After death the changes are, under these circumstances, confined to 
the kidney ; these organs showing all the signs of nephritis. If, how- 
ever, the animal has eaten a large quautity of cotton seeds, then there 
is oustro- enteritis, as well as inflammation of the kidneys. 


XIV— Lathyrus Sativus. 

§ 618. Various species of vetchlings, such as L. sali-oi w, L. >'t<vr<>, 
L. dymenum, are poisonous, and have caused an epidemic malady in 
parts of Spain, Africa, France, and Italy, among people who lmvc eaten 
the seeds. The symptoms are mainly referable to the nervous system, 
ca usin g a transverse myelitis and paraplegia. In this country it is 
chiefly known as a poisonous food for homos ; the last instance of luirse- 
poisoning by lathyrus was that of horses belonging to the Bristol 
Tramways and Carriage Company.* The company knight some Indian 
peas ; these peas were found afterwards to consist mainly of this seeds 
of Lathifrus sativus, for out of 335 peas no fewer than 325 wore the 
seeds of Lathyrus. The new peas were substituted for the beans the 
horses had been having previously on the 2nd November, and the 
horses ate them up to the 2nd December. Soon after the new food lnid 
been given, the horses began to stumble and fall about, not only when 
at work, but also in their stalls ; to these symptoms succeeded a paralysis 
of the larynx ; this paralysis was in some cases accompanied by a curious 
weird screaming, which once having bear heard could never l>o forgotten ; 
there was also gasping for breath and symptoms of impending snil'uca- 
tion. A few of the horses were saved by tracheotomy. Home died of 
suffocation ; one horse beat its brains out in its struggles for breath ■ 
127 horses were affected — 12 died. 

The above train of symptoms has also been recorded in similar cases ; 
added to which paralysis of the lower extremities is frequent. After 
death atrophy of the laryngeal muscles, wasting of the uorvus rcenrrous, 
and atrophy of the ganglion cells of the vagus unclcus as also of the 
multipolar ganglion cells in the anterior horns of the spinal cord, have 
been found, 

The active principle of the seeds has not been satisfactorily isedated. 
The symptoms suggest the action of a toxalbumiu. Teillcux found n 
resin acid ; Louis Astier a volatile alkaloid, and lie explains the fact that 
the seeds, after being heated, arc no longer poisonous owing to tlu; 
dissipation of this alkaloid. 

Bristol Tramways and Carriage Company v. Wiwbm & (J». t Times, July 17, 


1894. 



619-622.] 


ARUM — MALE FERN. 


481 


XV.— Arum— Bryony— Locust Tree— Male Fern. 

§ 619. Arum maculatum, the common cuckoo-pint, flowering' in 
April and May, and frequent in the hedges of this country, is 
extremely poisonous. Bright red succulent attractive berries are 
seen on a single stalk, the rest of the plant having rotted away, 
and these berries are frequently gathered by children and eaten. 
The poison belongs to the class of acrid irritants, but its real nature 
remains for investigation. 

Some of the species of the same natural order growing in the Tropics 
are far more intensely poisonous. 

§ 620. The Black Bryony . — Tamus communis , the black bryony, a 
common plant by the wayside, flowering in May and June, possesses 
poisonous berries, which have been known to produce death, with 
symptoms of gastro- enteritis. In smaller doses the berries are stated to 
produce paralysis of the lower extremities.* 

§621. The Locust Tree. — The Robinia pseudo- acacia, a papilionaceous 
tree, contains a poison in the leaves and in the bark. R. Coltmann f 
has recorded a case in China of a woman, twenty-four years of age, 
who, at a time of famine, driven by hunger, ate the leaves of this tree. 
She became ill within forty-eight hours, with high fever ; the tongue 
swelled and there was much erysipelatous-like infiltration of the 
tissues of the mouth ; later, the whole body became swollen. There 
was constipation, and so much cedema of the eyelids that the eyeballs 
were no longer visible, Recovery took place without special treat- 
ment. Power and Cambier f have separated from the bark an 
albumose, which is intensely poisonous, and is probably the cause 
of the symptoms detailed, 

§ 622, Male Fern. — Au ethereal extract of Aspidium .Filix mas is 
used as a remedy against tape-worm, 

Poullson§ has collected up to the year 1891 sixteen cases of 
poisoning by male fern ; from which it would appear that 7 to 
10 grins. (103 to 154 grains) of the extract may be fatal to a child, 
and 45 grms. (rather more than 1£ oz.) to an adult. The active 
principle seems to be filicic acid and the ethereal oil. Filicic acid, 
under the influence of saponifying agencies, breaks up into butyric 
acid and phloroglucin, 

The symptoms produced are pain, heaviness of the limbs, faintness, 
somnolence, dilatation of the pupil, albuminuria, convulsions, lockjaw, 

* Contagne, Lyonmcd., xlvi. , 1884, 239, 

f Medical and tiuryical licporter, lxi, , 1889. 

t Pharm, Journ,, 1890, 711. § Arch. exp. P., Bd. xxix. 

31 
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and collapse. In animals there have also been noticed salivation, amau- 
rosis, unsteady gait, dragging of the hind legs, dyspncea, and paralysis 
of the breathing centres. The post-mortem appearances which have 
been found are as follows: — Redness and swelling with hsernorrhagic 
spots of the mucous membranes of the stomach and intestines ; 
acute cedema of the brain and spinal cord with petechia in the 
meninges ; the kidneys inflamed, the liver and spleen congested, and 
the lungs oedematous. 

There is no characteristic reaction for male fern; the research 
most likely to be successful is to attempt to separate from an 
ethereal extract filicic acid, and to decompose it into butyric acid 
and phloroglucin ; the latter tinges red a pine splinter moistened with 
hydrochloric acid. 



PART VII.— POISONS DERIVED FROM LIVING OR 
DEAD ANIMAL SUBSTANCES. 


DIVISION I.— POISONS SECRETED BY LIVING 
ANIMALS. 


I.— Poisonous Amphibia. 

§ 623. The Salamander, — The glands of the skin of certain amphibia 
possess a secretion that is poisonous ; the animal is unable to empty the 
poison glands by any voluntary act> but the secretion can readily be 
obtained by pressure, 

In 1 899, Faust * made a research on the salamander, using no less 
than a thousand of these small amphibia, and separated two active bases 
in the form of crystalline sulphates, 

The animals, killed by chloroform, were finely minced, and the product 
extracted with water acidified by acetic acid, at a boiling temperature, 
The extract was precipitated by lead acetate, the excess of lend got rid 
of by sulphuric acid ; the bases precipitated by phospho-tungstic acid, and 
set free by baryta ; the solution thus obtained had to be purified from a 
substance giving a biuret reaction. After more than one precipitation 
with phospho*tungstic acid, the final solution is exactly neutralised with 
sulphuric acid and evaporated to dryness; the yellow residue is dissolved 
in alcohol, and ether added until a turbidity results. After a few days, 
if the liquid be kept at a low temperature, crystals appear; the sub- 
stance is separated, purified, and finally dissolved in hot water, and the 
solution allowed to cool slowly, In this, fine needle-like crystals were 
obtained, to which Faust ascribes the formula (C i( .H 80 N ? O) 2 + H 2 S0 4 , and 
gives the name of samandarin sulphate The sulphate is optically 
active (ajj= - 53'69°). A few of the crystals treated in a test-tube with 
concentrated hydrochloric acid and boiled for a few minutes gives a 
solution at first violet, and finally deep blue, The free base 
* Die Thicrischcn Gifte , Braunschweig, 1906, 

4 % 
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"Samandarin” is an oil of a pale yellow colour, A second alkaloid 
(C H 31 NO) 2 + H o S 0 4 was obtained by Faust, the sulphate of which is 
less soluble than that of samandarin ; to this he gives the name of 
Saruandaridin sulphate. It is optically inactive. The crystals are m 
tiie form of rhombic plates or tables. There is more samandaridin to 
be obtained from the salamander than samandarin, the proportion being 
about 2 to I, On dry distillation with zinc dust an alkaline distillate 
is obtained, from which Faust isolated isochinolin j the same author 
states that the more volatile constituents of the decomposition give the 
reactions of pyrrol. With regard to the chemical relationship between 
the two alkaloids, Faust suggests that samandarin possesses one more 
methyhpyridin group, C 5 H 5 (CH 3 )N, than samandaridin, 

§ 624. Poisoning by the samandarins produce symptoms strikingly 
similar to those of rabies, in all its three stages — viz,, the excitable stage, 
with exaltation of the reflexes, restlessness, acceleration of the respira- 
tion, dilatation of the pupil, and increased secretion of the nasal and 
buccal secretion ; next, the convulsive stage, with catching respiration, 
dyspnoea, and convulsions; and, lastly, the paralytic stage ending in 
death, the cause of death usually being paralysis of the respiratory 
centre, 

Like rabies also, when once the characteristic symptoms develop, no 
case of recovery (in animals) is known — death sooner or later supervenes. 
The fatal dose is surprisiugly small — subcutaneous injections of 07 
mgrm. to 0'9 mgrm, samandarin per kilo, of body weight is fatal, 
according to Faust, to dogs ; but with regard to samandaridin, this 
substance is eight times weaker, and therefore the fatal dose is abont 
6 to 7 mgrms, per kilo, 

§ 625. The Water Salamander ( Triton cristatus ), — Vulpino (1856) 
and Capparelli (1883) have, to a certain extent, investigated a thick 
creamy-looking secretion in the skin glands of the water salamander. 
Capparelli obtained 40 grms. of the secretion from three hundred Tritons. 
The secretion was acid ; the active constituent could be extracted from 
the acid solution by ether, was nitrogen-free and volatile at the ordinary 
temperature, The Triton poison has a haemolytic action on the red blood 
corpuscles — increases the blood pressure and paralyses ultimately the 
heart ; its action on the circulation agrees generally with that of 
Bufotalin, to which it may be chemically allied. 

§ 626, Poisons of the Toad (Bufo vulgaris ). — The toad secretes a 
poison from its skin which has received considerable attention, and has 
been investigated by Fomara (1817), Calmels (1884), Heuser (1902), 
E. S. Faust, and others, 

Faust * was successful in obtaining two very definite substances— the 
* Die TMerischen Oifte, Braunschweig, 1906, 
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one crystalline, Bufouin (C 34 H w 0 o ) ; the other amorphous, Bufotalin 
(C 34 H 40 O lo ). 

Bufonin crystallises out of an alcoholic extract of the toad’s skin in 
fine needles or in thicker prisms ; after repeated crystallisation the m.p. 
is 152°. Bufonin is soluble in chloroform, benzene, and hot alcohol ; not 
very soluble in ether, nor in water, nor in cold alcohol. A little 
bufonin dissolved in chloroform, and then strong sulphuric acid added, 
so as to form two strata of the liquids, gives at the point of contact a 
deep red zone. On mixing the chloroform solution this becomes dark 
red and, finally, purple red. The acid shows a green fluorescence. 
Btrfonin dissolved in acetic anhydride and, mixed with strong sulphuric 
acid, gives the same play of colours as cholesterin — the final colour 
is dark green. Phisalix and G, Bertrand, * however, consider bufonin 
as simply cholesterin mixed with a little bufotalin. 

Bufotalin is obtained from the same alcoholic extract. After sepa- 
rating the bnfouin, by treating the residue with water, adding lead 
acetate to purify, getting rid of the excess of lead by the addition of 
just sufficient sulphuric acid, and precipitating the bufotalin by 
mercuric potassium iodide, the precipitate is treated with silver oxide 
and shaken with chloroform ; from the chloroform solution the bufotalin 
may be obtained by precipitating with petroleum ether. 

Bufotalin is easily soluble in alcohol, chloroform, acetic acid, and 
acetone ; it is not very soluble in water, about 2£ per million ; it is 
insoluble ill petroleum ether, The reaction in water is acid, and it 
forms soluble compounds with the alkalies, It is precipitated by tannin, 
but from such precipitate cannot be recovered, forming apparently fast 
compounds with the zinc or lead oxide, the reagents usually used to 
decompose tannates, 

Bufonin and bufotalin possess similar poisonous properties ; but the 
action of bufonin is much weaker than that of bufotalin, 

These substances are heart poisons, and have a similar, if not an 
identical, action to the digitalins ; in thjs connection it is interesting to 
observe that the digitalis group has but little action on the toad, and 
that the blood of the toad contains probably the same poisons, i.e, 
bnfouin and bufotalin, The lethal dose of bufotalin, according to 
Faust, for mammals is £ mgrm, per kilo, of body weight (1 per two 
million) if injected subcutaneously; but very much larger doses may 
be taken by the mouth. When swallowed, bufotalin excites considerable 
irritation of the mucous membrane of the alimentary tract, causing 
sickness and diarrhoea; if applied to the conjunctiva, the eye becomes 
red and inflamed, 

§ 627. The Heloderma, — The Mexican lizard Helodurmahorridum, as 
* Compt. Hend,, 1902. 
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well as H. snspedwn, have furrowed teeth and an enormously developed 
submaxillary gland, so that on anatomical grounds one would surmise 
that their bite was poisonous. Experiments have shown that the secretion 
is highly toxic, killing small animals, such as rabbits, m a very few 
minutes, in subcutaneous doses equal to 10 mgrms. of the dried poison. 
It is apparently a heart poison, but nothing is known of its composition. 
Sautesson,* from a partial chemical examination, believes that the poison 
is partly a nuclein -holding substance and partly an albiunose. 


II.— The Poison of the Scorpion. 

§ 628. There are several species of scorpions. The small European 
variety ( Scorpio europems) is found in Italy, the south of France, and 
the Tyrol; the African scorpion ( Bothns afer, L.), which attains the 
length of 16 cm., is found in Africa and the East Indies; Andrortonm 
funestiis is found in north and mid Africa, and attains a length of 9 cm. ; 
and the Androctonus occitanus , 8'5 cm. long, in Spain, Italy, Greece, 
and North Africa, 

In the last joint of the tail the scorpion is provided with a poisonous 
apparatus, consisting of two oval glands, the canal of which leads into a 
round bladder, and this last is connected with a sting. When the 
sting is inserted, the bladder contracts, and expels the poison through 
the hollow sting into the wound. The smaller kinds of scorpion sting 
with as little general effect as a hornet, bub the large scorpion of Africa 
is capable of producing death. There is first irritation about the 
wound, and an erysipelatous inflammation, which may lead to gangrene. 
Vomiting and diarrhoea then set in, with general weakness and a fever, 
which may last from one to one and a half days ; hi the more serious 
cases there are fainting, delirium, coma, convulsions, and death. 
According to G, Sanarelli f the blood corpuscles of birds, fishes, frogs, 
and salamanders are dissolved by the poison ; only the nucleus remain- 
ing intact ; the blood corpuscles of warm-blooded auimals arc not 
affected. W, H. Wilson j found that in guinea-pigs the poison caused 
hyper-secretion and death from asphyxia. The coagulability of the 
blood was not altered, 

Valentin made some experiments on frogs with the Androdonu n 
occitanus , He found that soon after the sting the animal remains quiet., 
but on irritation it moves, and is thrown into a transitory convulsion ; 

* Faust, Die Thierischen Gifte, Braunschweig, 1906. 

t G, Sanarelli, Bollet, della Soc, della sez dei cu.lt . (Idle Scicntc me l v 1888 
202 , ’ ’ 1 


t Proc . Physiol. Soc., 1904, 
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to this follow twitchings of single muscular bundles. The frog is pro- 
gressively paralysed, and the reflex irritability is gradually extinguished 
from behind forwards ; at first the muscles may be excited by electrical 
stimuli to the nerves, but later they are only capable of contraction by 
direct Stimuli. Scorpion poison has but little, if auy, effect takeu by 
the mouth ; experiments have been made on dogs by Blanchard show- 
ing that they can eat scorpions without injury. 


III.— Poisonous Fish. 

§ 629. A large number of fish possess poisonous properties ; in some 
cases the poison is local, in others the poison is in all parts of the body. 

The Murama lielena lias a sort of pouch connected with four strong 
conical erectile teeth or fangs, not dissimilar to the poison apparatus 
of a snake ; its bite is said to cause toxic symptoms in man. 

Many fish are provided with poison glands in connection with the 
fins or special weapons, and such are used for purposes of defence. For 
example, Synanceia brachio is provided with a back fin consisting of 13 
spines, each of which has two poison reservoirs ; the reservoirs are 
connected with 10 to 12 tubular glands which secrete the poison, a 
clear feebly acid bluish, fluid, exciting in a concentrated condition local 
gangrene ; the constitutional effects, according to Pohl {Prayer Died, 
Wochenschnft, 1893), in frogs experimentally injected with the poison 
are mainly referable to the action of the poison ou the heart, which 
it directly paralyses, ljottard has recorded five fatal cases in man. 

The Fugu-Poison of Japan, — The Japanese chemists have given the 
name of'Fugu-poison to that which is found in the ovaries of various 
species of Tetrodon, a common fish in Japanese waters. Although con- 
centrated in the ovaries, small quantities of the poison have been found 
in the- liver and the blood. The various species known of Tetrodon are, 
with the exception of Tetrodon cutaneus, all poisonous, but in unequal 
degrees. The most poisonous are : — Tetrodon chrysops, partialis, 
vermicular is, and poecdlonotus ; while less poisonous are Tetrodon rubripes, 
porphyreus, stidonolus , and rimdatus ; it is believed that the same 
poison exists iu all the fishes named. D, Takahashi and G-. Inoko,* in 
1890, began a chemical research upon the poison of the Tetrodon genus ; 
and G. Tahara, in 1894, separated two principles, the one crystalline, the 
other amorphous — Tetrodonin and Tetrodonic acid, The fresh roe of 
the fish, after being mashed, is submitted to dialysis ; the dialysate 
is purified by lead acetate, and then precipitated by alcohol ; a 
crystalline mass results, being a mixture of tetrodonin and tetrodonic 
* Zeitschrift d. vied. Ocs, in Tolcio, viii. 
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add. The latter is separated by dissolving in water and converting it 
by means of silver acetate into a silver salt ; the tetrodonin is then 
precipitated by alcohol. 

Tetrodonin is crystalline, neutral in reaction, soluble in water; the 
aqueous solution not precipitable by the usual group alkaloidal reagents. 
It is insoluble in ether, benzene, and carbon disulphide; it is with 
difficulty soluble in alcohol ; 50 mgrms. of this substance injected into 
a dog weighing 1 '9 kilogm, killed it in half an hour. 

Tetrodonic acid is amorphous and hygroscopic ; 10 mgrms. per kilo, 
apparently kills dogs in about thirty minutes. 

The action of the poison on animals consists in a rapid paralysing 
effect on certain regions of the central nervous system, first the respira- 
tory centre and then the vaso-motor centre being attacked ; at the same 
time a curarindike paralysis of the peripheral ends of the motor nerves 
is observed, which in frogs may be very complete. The heart is not 
affected directly, and continues to beat after the cessation of the 
respiration. The blood-pressure sinks on account of the paralysis 
of the vaso-motor centre. The symptoms in man are similar to those 
in animals, and may be gathered from the following account of a 
typical case recorded by Takahashi and Inoko. 

A man iu Kinshin (Japan), at 2 p.m., ate five pieces of a Tetrodon 
(species not known). Four hours afterwards he complained of an uneasy 
feeling in the epigastrium; the pulse at that time was normal. Vomit- 
ing was excited by tickling the back of the throat. Quite suddenly the 
patient was iucapable of walking, and he was soon completely paralysed. 
Motion of the tongue was difficult, and his speech was indistinct. Later, 
cyanosis, diminished frequency of breathing, and dilatation of the pupil 
were observed. The corneal reflex disappeared, and the body tempera- 
ture sank. Artificial respiration and injection of camphor and strychnine 
gave no relief, and death quietly followed five hours after the meal. 

Neither in animals nor in man are the post-mortem appearances 
distinctive, 

§ 630. Other Poisonous Fish, — Some fishes are poisonous on account 
of the food they five upon; the Meletia venenosa is only poisonous when 
it feeds upon a certain green monad ; Clupea thrissa, G. venenosa, and 
certain species of Scants neither possess poison glands nor poisonous 
ovaries, but also derive their poisonous properties from their food. 
In the West Indies it is well known that fish caught off certain coral 
banks are unwholesome, while the same species caught elsewhere may be 
eaten with safety. 

A good many shell-fish, especially mussels, occasionally cause intense 
poisonous symptoms ; those usually noticed are high fever, nettle-rash, 
dilated pupils, and diarrhoea, It may be that in these cases a toxine, 
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the product of bacterial action, has been ingested. To the agency of 
bacteria has been ascribed illness produced in Russia by a good many 
fish of the sturgeon species. The symptoms are those of cerebro. spinal 
paralysis. The “Icthyismus gastricus” of Germany may belong- to the 
same type. Prochorow * has described illness from ingestion of Petro * 
nvjxon Jluviatilis in Russia. Whether the fish was eaten raw or cooked, 
the effect was the same, producing a violent diarrhoea, dysenteric in 
character. Even the broth in which the fish had been boiled produced 
symptoms. Fresh blood of the eel is stated to be intensely poisonous ; 
this property is apparently due to a toxalbumin ; Pennavaria f relates 
the case of a man who took, in 200 c.c. of wine, 0 64 kilo, of fresh eel 
blood, and suffered from diarrhoea with symptoms of collapse. 

In the Linnean Transactions for November, 1860, is recorded a fatal 
accident, which took place on board the Dutch ship Postillion at 
Simon’s Iiay, Cape of Good Hope. The boatswain and purser’s steward 
partook of the liver of the toad fish ( 'l'etrodon Honkengo, Bloch) ; within 
twenty minutes the steward died. In ten minutes the boatswain was 
violently ill ; the face flushed, the eyes glistening and the pupils con* 
tracted : there was cyanosis of the face, the pulse was weak and inter* 
mittent,aud swallowing was difficult ; the breathing became embarrassed, 
and the body generally paralysed. Death took place in seventeen 
minutes. The liver of one fish only is said to have been eaten. This 
might weigh 4 drachms. If the account given is literally correct, the 
intensity of the poison equals that of any known substance. 

The poisonous nature of the goby has also led to several accidents, 
and we possess a few experiments made by Dr. Collas, j who fed chickens 
with different parts of the fish, and proved that all parts were alike 
poisonous. The effects were slow in developing j they commenced in 
about an hour or an hour and a half, and were well developed in 
five hours, mainly consisting of progressive muscular weakness and 
prostration. Death occurred without convulsions. 


IV,— Poisonous Spiders and Insects. 

§ 630a. The most important species of spiders known to be 
poisonous are : — 

Nemxda cocmentaria, the Minier spider of Costa Rica, is believed 
to belong to this class, and is said to cause great injury to horses, oxen, 
and other domestic animals ; Theraphosa avicularia, the bird spider of 

* Pharmac. Zlg,, 1885. t II Fcirmacista Italiano, xii., 1888. 

+ Soc . Set. Rev., July 19, 1862 ; Brit, anti For. Med. Chir, Rev ., October 1862, 
p. 536. 
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the Brazils ; Theraphosa BlondH , the bush spider of South America and 
the West Indies ; and Theraphosa Javanensis, a big red-brown spider found 
in Java— are all giant tropical hairy spiders, possessing large poison 
glands, aud whose bite is capable of causing serious symptoms. 

The Malmignette ( Lathrodectes tredecim-yuttatus) is only 8-12 mm. 
long j it has a blackish body ; on the underpart of the abdomen are to 
be found thirteen triangular or half* moon shaped spots (lienee the name) ; 
it is found in Tuscany, Corsica, Sardinia, and the lower Volga. The 
nomadic tribes in South Russia are said to have lost 70,000 cattle, in 
1838 and 1839, through the bite of this small insect. 

A variety — the Rara-Kurt of the Tartars= “black wolf” — is Lathro • 
dectes lugiihris ; common in South Russia, and attaining a length of 2 cm. 
The Rara-Rurt poison is not ouly to be found in special glands, but 
is also diffused through the body. According to Robert, who lias 
investigated this poison, it is a generic type of the poison of spiders ; 
the active principle is neither a glucoside, an acid, nor an alkaloid. It 
does not dialyse, and drying destroys its activity ; it has the characters 
of a toxalbumin, and has much similarity to the action of Ricin and 
Abriu. The Rara-Rurt poison dissolves the colouring matter of the red 
blood corpuscles, even with a dilution of 1 : 127,000 ; it has a paralysing 
effect 011 the heart, either due to action on the motor ganglia, or, possibly, 
a direct action on the muscle itself. The blood*pressnre sinks, the walls 
of the smallest arteries and capillaries become so changed, as to allow 
the transudation of blood and serum, producing punctiform haemorrhages 
and oedema. This is best seen in the lungs. The poison also has a 
paralysing action on the central nervous system, but it is not clear as to 
whether this action is primary, or whether it depends on the circulation 
troubles. 

The fatal dose of the poison injected Subcutaneously, or intravenously, 
is extremely small. Cats are killed by quantities equal to 0'2 to 035 
mgrm, per kilo, body weight. Repeated injections of non- fatal doses 
confer immunity. 

ihe Epeira diadema, the ordinary cross-spider, so called from cross- 
shaped whitish spots on the abdomen, is common in Europe generally. 
Robert has investigated the poison it possesses and finds it of the same 
class as that of the Rara-Rurt, but slightly weaker ; he states, however, 
that in a single female cross-spider there is enough poison to kill a 
thousand cats, 

Lycosa tarantula , a spider from 3 to 3 ‘5 cm. long, occurs in Italy, 
Spain, and Portugal, Zangrilli has observed several cases of tarantula 
bite ; soon after the occurraace the part bitten is anaesthetic^ after a few 
hours there are convulsive shiverings of the legs, cramps of the muscles, 
inability to stand, spasm of the pharyngeal muscles, quickening of the 
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pulse, and a three days’ fever, with vomiting of yellow bilious matter ; 
recovery follows after copious perspiration. In one case there was tetanus, 
and death on the fourth day. The extraordinary effects attributed to 
the bite of the tarantula, called tarantism in the Middle Ages, are well 
detailed by Hecker;* this excitement was partly hysterical and partly 
delirious, and has not been observed in modern times. 

Dax has described the effects of the bite of the L. malmignutus ; it 
occasioned headache, muscular weakness, pain in the back, cramps, and 
dyspnma; the symptoms disappeared after several days. 

§ 631. The hatipo is a small poisonous spider confined to New 
Zealand. Mr. W. H. Wright has recorded the case of a person who, in 
1865, was bitten by this spider on the shoulder. The part rapidly 
became swollen, and looked like a large nettle-rash wheal ; in an hour 
the patient could hardly walk, the respiration and circulation were both 
affected, and there was great muscular prostration ; but he recovered in 
a f e w hours. In other cases, if the accounts given are to be relied upon, 
the bite of the spider has produced a chronic illness, accompanied by 
wasting of the body, followed by death after periods varying from six 
weeks to three months.! 

§ 632. Ants. — The various species of ants possess at the tail special 
glands which secrete formic acid. Certain exotic species of ants are 
provided with a sting, but the common ant of this country has no special 
piercing apparatus. The insect bites, and then squirts the irritating 
secretion into the wound, causing local symptoms of swelling and 
inflammation. 

§ 633. Wasps, etc. — Wasps, bees, and hornets all possess a poison hag 
and. sting. Josef Lauyer (Archiv f. exp, Pathol ,, 1897) collected the 
stings and poison-bags of 25,000 bees, These were treated by a modified 
Stas-Otto process, and ultimately a substance obtained which gave pro- 
nounced alkaloidal reactions. Intravenous injection of 6 cam, of i '5 
per cent, solution of the natural poison killed a dog weighing 4'5 kilos. ; 
there were general convulsions, with trismus, and nystagmus rising to 
emprosthotonos, and the animal died from the cessation of respiration. 
The poison dissolves the blood corpuscles, and the post-mortem appear- 
ances show strong hyperaemia and haemorrhages, 

§ 634. Cantharides, — Commercial cantharides is either the dried 
entire, or the dried and powdered blister-beetle, or Spanish fly 
( Cantharis vesicatoiia). The most common appearance is that of a 
greyish-browu powder, containing shining green particles, from which 

* "The Epidemics of the Middle Ages,” by J, F. C. Hecker, translated by 
14. 04, Babiugton, M.D, , F, R.S. {’Bhe Dancing Mania, chap, ii., etc,) 

t Trcmsac, of the New Zealand Ind., vol, ii., 1869; Brit, awl Pen'. Med, (.,'hir. 
Review, July 1871, p. 230. 
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cantharidiu is readily extracted by exhausting with chloroform, driving 
off the chloroform by distillation or evaporation, and subsequently 
treating the extract with bisulphide of carbon, which dissolves the fatty 
matters only. Finally, the cantharidin may be recrystallised from 
chloroform, the yield beiDg ‘380 to '570 per cent. Ferrer found in the 
wings and their cases, 082 per cent, ; in the head and antennas, 088 , 
in the legs, '091; in the thorax and abdomen, '240 per cent. Wolff 
found in Lijtta aspnro, '815 per ceut. ; Ferrer in Mylabris cichorei, 
•1 per cent. ; in M. pundum, 193 ; and in M. pudulata, '33 per cent, 
of cantharidin, 

§ 635. Cantharidin (C 10 H 12 0 4 ) has two crystalline forms-(l) 
Righbangled four-sided columns with four surfaces, each surface 
being beset with needles ; and (2) flat tables. It was at one time 
considered an acid anhydride, but H. Meyers’ researches have 
sliowu that it is a /3dactone of a ketonic acid, the structural formula 
of which is : — 


CH 



OH, 


It is soluble in alkaline liquids, and can be recovered from them by 
acidifying aud shaking up with ether, chloroform, or bemene ; it is 
almost completely insoluble in water, 100 parts of alcohol (99 per 
cent.) dissolve at 18° 0'125 part ; 100 of bisulphide of carbon, at the 
same temperature, 0'06 part ; ether, 'll part; chloroform, 1*2 part; 
and benzene, "2 part. Cantharidin can be completely sublimed, 
if placed in the subliming cell (described at p, 259), floating on 
mercury ; 'a scanty sublimate of crystals may be obtained at so low 
a temperature as 82'5° ; at 85°, and above, the sublimation is 
rapid, If the cantharidin is suddenly heated, it melts ; but this is 
not the case if the temperature is raised gradually. The tube 
melting*point is as high as 218°. Potassic chromate with sulphuric 
acid decomposes cantharidin with the production of the green 
oxide of chromium, An alkaline solution of permangauate, iodic 
acid, and sodium amalgam, are all without influence on an alcoholic 
solution of cantharidiu. With bases, cantharidin forms crystallisable 
salts, and, speaking generally, if the base is soluble in water, the 
cantharidate is also soluble ; the lime and magnesic salts dissolve 
readily, From the soda or potash salt, mineral acid will precipitate 
crystals of cantharidin ; on heating with pentasulphide of phosphorus, 
O' xylol is produced, 
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§ 636, Pharmaceutical Preparations of Cantharides. — The P,B. 
preparations of cantharides are — Acetum cantharides, or vinegar of 
cantharides, containing about '04 per cent, of cantharidin. 

Tincture of cantharides , containing about ‘005 per cent, of 
cantharidin. 

A solution of cantharides for blistering purposes, Liquor epispasticus, 
a strong solution of the active principle in ether and acetic acid, 
containing about 16 per cent, of cantharidin. 

There are also — An ointment • a blistering paper, Charta epispastica ; 
a blistering plaster, Emplastrum cantharides ; and a warm plaster, 
Emplastrum calefaciens. 

§ 637. Fatal Dose. — It is difficult to state the fatal dose of can- 
tharidin, the unassayed powder or tincture having mostly been taken. 
A young woman died from h62 grm. (25 grains) of the powder, which 
is perhaps equivalent to 6'4 mgrms. (1 grain) of cantharidin, whilst the 
smallest dose of the tincture known to have been fatal is (according to 
Taylor) an ounce. This would be generally equivalent to 15 mgrms. 
('24 grain). Hence the fatal dose of cantharidin may be approximately 
stated as from 6 mgrms. upwards. But, on the other hand, recovery 
has taken place from very large doses, 

§ 638. Effects on Animals, — Animals are unequally susceptible to 
the action of cautharidin. For example, hedgehogs and swallows are 
able to take large relative doses with impunity. Ellinger has shown 
that the whole of the poison is excreted unchanged by means of the 
kidneys of the hedgehog, therefore the kidney cells must be highly 
resistant to cantharidin; other "kidney poisons,” such as potassic 
chromate, cause as much change in the hedgehog’s kidneys as in other 
animals, so that the immunity is one for cantharidin alone. The 
resistance is not absolute ; 0'1 grm, causes nephritis, and, in a few days, 
death Badecki* found that cantharidin might even be injected, in 
quantities equal to 15-30 mgrms. into the blood of fowls withont 
any injury, aud frogs also seem to enjoy the same immunity ; while 
dogs, cats, aud other animals are sensitive to the poison, Galippe 
ascertained that after the injection of 5 mgrms. into the veins of 
a dog, there was exaltation of the sexual desire ; the pupils quickly 
dilated, the dog sought a dark place, and became sleepy. Animals 
when poisoned die in asphyxia from paralysis of the respiratory centre. 
Schachowaf made some observations on the effect of cantharides on the 
renal excretion of a dog fed daily with 1 grm. in powder, On the third 
day, pus corpuscles were noticed ; on the fifth, bacteria ; on the 
thirteenth, the urine contained a large quantity of fatty matters, and 

* Die Cantharidin Vergift ., Diss., Dorpat, 1806, 
t Dnters , liber die Niercn, Diss,, Bern, 1877 ; Comil, Gaz, H&d,, 1880. 
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several casts ; and on the seventeenth, red shrivelled blood corpuscles 
were observed. 

Effects on Man.— Heinrich* made the following experiments upon 

himself: Thirty liviDg blister-beetles were killed, and digested, without 

drving, in 35 grms. of alcohol for fourteen days ; of this tincture ten 
drops^were taken. There ensued immediately a feeling of warmth in 
the mouth and stomach, salivation, the pulse was more frequent than in 
health, there was a pleasant feeling of warmth about the body, and 
some sexual excitement lasting three hours. In half an hour there was 
abdominal pain, diarrhrea, and tenesmus, and frequent painful micturi- 
tion. These symptoms subsided in a few hours, but there was a want of 
appetite, and pain about the kidneys lasting until the following day. 
In the second experiment, on taking 1 cgrm. of cantharidin, there were 
verv serious symptoms of poisoning. Blisters formed on the tongue, and 
there was salivation, with great difficulty in swallowing, and a general 
feeling of illness. Seven hours after taking the poison, there were 
frequent micturitions of bloody urine, diarrhoea, and vomiting. Twenty 
hours after the ingestion the face was red, the skin hot, the pulse twenty 
beats beyond the normal pulsation, the tongue was denuded to two-thirds 
of its extent of its epithelium, and the lips aud mucous membrane were 
red and swollen ; there was great pain in the stomach, intestines, and 
in the neighbourhood of the kidneys, continuous desire to micturate, 
burning of the urethra, and swelling of the glands There was no 
sexual excitement whatever ; the urine was ammoniacal, and contained 
blood and pus ; the symptoms gradually subsided, but recovery was not 
complete for fourteen days. 

§ 639. The foregoing is a fair picture of what may be expected in 
cautharides poisoning. It is remarkable that the popular idea as to the 
influence of cantharidin in exciting the sexual passion, holds good only 
as to the entire cantharides, and not with cantharidin. It is very 
possible that cantharidin is not the only poisonous principle in the insect. 
The symptoms in other cases, fatal or not, have been as follows : — Imme- 
diate burning in the mouth and throat, extending to the stomach and 
alimentary canal, and increasing in intensity until there is considerable 
pain. Then follow salivation, difficulty in swallowing, and vomiting, and 
generally diarrhoea, pain in the kidneys, irritation of the bladder, 
priapism, and strangury, are all present, The pulse is accelerated, the 
breathing disturbed, there are pains in the head, and often mydriasis, 
giddiness, insensibility, delirium, and convulsions ; trismus has been 
noticed, The desire to micturate frequently is urgent, the urine is 
generally bloody, and contains pus. Pregnant women have been known 
to abort. In a few of the cases in which a different course has been 
* Sehroff, Zeitschrxft d . Oes. d. AerzU in men, 13, 56. 
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run, the nervous symptoms have predominated over those of gastro- 
intestinal irritation, and the patient has sunk in a kind of collapse. 
In a case of chronic poisoning by cantharides, extending over three 
months, and recorded by l'arcliioni Bonfanti,"* after the first dose 
appeared tetanic convulsions, which subsided in twenty-four hours, 
there was later cystitis, and from time to time the tetanic convulsions 
returned ; gastro-enteritis followed with frequent vomiting, when T can- 
tharides being found in the matters ejected, the otherwise obscure 
nature of the illness was shown. 

In a case recorded by Sedgwick,! following the gastro-enteric 
symptoms, there were epileptic convulsions ; in this instance also was 
noticed an unpleasant smell, recalling the notion formerly held that 
cantharides imparted a peculiar odour to the breath and urine. In 
a ease of chronic poisoning related by Tardieu, six students, during 
several months, used what they thought was pepper with their food, 
but the substance proved to be really powdered cantharides. The 
quantity taken each day was probably small, but they suffered from 
pain about the loins, and also irritation of the bladder. There was no 
sexual excitement. 

§ 640. Post-mortem Appearances, —In a French criminal case, in 
which a man poisoned his step-brother by giving cantharides in soup, the 
pathological signs of inflammation of the gastrointestinal tract were 
specially evident, the mouth was swollen, the tonsils ulcerated, the 
gullet, stomach, and intestines were inflamed, and the mucous membrane 
of the intestines covered with purulent matter, In another case there 
was an actual perforation 3 inches from the pylorus, Tire inflammatory 
appearances, however, are not always so severe, being confined to 
swelling and inflammation without ulceration, In all cases there has 
been noted inflammation of the kidneys and urinary passages, and this 
is seen even when cantharidin is administered to animals by subcuta- 
neous injection, In the urine will be found blood and fatty epithelial 
casts, as well as pus, The contents of the stomach or the intestines will 
probably contain some remnants of powdered cantharides, If the powder 
itself has been taken, 

§ 641, Tests for Cantharidin, and its Detection in the Tissues, 
etc, — The tests for cantharidin are — (1) Its form, (2) its action in 
the subliming cell, and (3) its power of raising a blister, 

The most convenient method of testing its vesicating properties, is to 
allow a chloroformic solution of the substance supposed to be cantharidin 
to evaporate to dryness, to add to this a drop of olive oil (or almond oil), 
and to take a drop up on the smallest possible quantity of cotton wool, 
and apply the wool to the inside of the arm, covering it with good oilskin, 

* Oaz. Med. Hal. Lomb., 1863. + Med. Times } 1864. 
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and strapping the whole on by the aid of sticking-plaster. In about an 
hour or more the effect is examined. The thin skin of the lips is far 
more easily blistered than that of the arm, but the application there is 
inconvenient. 

Dragendorff has ascertained that eantharidin is not present in the 
contents of a blister raised by a cantharides plaster, although it has been 
found in the urine of a person treated by one ; and Petteukofer has also 
discovered eantharidin in the blood of a boy to whose spine a blister had 
been applied. 

The great insolubility of eantharidin in water has led to various 
hypotheses as to its absorption into the system. It is tolerably easily 
dissolved by potash, soda, and ammonia solutions, and is also taken up in 
small proportion by sulphuric, phosphoric, and lactic acids. The result- 
ing compounds quickly diffuse themselves through animal membranes. 
Even the salts with lime, magnesia, alumina, and the heavy metals, are 
not quite insoluble. A solution of salt with eantharidin, put in a 
dialysing apparatus, separates in twenty-four hours enough eantharidin 
to raise a blister. 

Cantharidin has actually beeu discovered in the heart, brain, muscles, 
contents of the stomach, intestines, and faeces (as well as in the blood 
and urine) of animals poisoned by the substance. A urine containing 
cantharidin is alkaline and albumiuous. Cantharidin, although readily 
decomposed by chemical agents, is so permanent in the body that it has 
been detected iu the corpse of a cat eighty-four days after death. 

In any forensic case, the defence will not improbably be set up that 
some animal (e.g. a fowl poisoned by cantharides) has been eaten and 
caused the toxic symptoms, for cantharides is an interesting example of 
a substance which, as before stated, for certain animals (such as rabbits, 
dogs, cats, and ducks) is a strong poison, whilst in others (e.g, hedge- 
hogs, fowls, turkeys, and frogs), although absorbed and excreted, it 
appears, save in large doses, to be inert. Experiment lias shown that a 
cat may be readily poisoned by a fowl saturated with cantharides ; and 
in Algeria the military surgeons meet with cystitis among the soldiers, 
caused by eating frogs in the months of May and June, the frogs living 
in these months almost exclusively on a species of Cantharis, 

Dragendorff recommends the following process : — The finely-pulped 
substance is boiled in a porcelain dish with potash -lye (1 part of potash 
and 12 to 18 of water) until the fluid is of a uniform consisteuce. The 
fluid, after cooling, is (if necessary) diluted with an equal bulk of water, 
for it must not be too thick ; then shaken with chloroform in order to 
remove impurities ; and after separation of the chloroform, strongly 
acidified with sulphuric acid, and mixed with about four times its volume 
of alcohol of 90 to 95 per cent, The mixture is kept for some time at a 
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boiling temperature, filtered hot, aad the alcohol distilled from the fib 
trate. The watery fluid is now again treated with chloroform, as above 
described. The chloroform extract is washed with water, the residue 
taken up on some hot almond oil, and its blistering properties investi- 
gated. The mass, heated with potash in the above way, can also be 
submitted to dialysis, the diffusate supersaturated with sulphuric acid, 
and shaken up with chloroform. 

In order to test further for cantharidin, it can be dissolved in the 
least possible potash or soda-lye. The solution, on evaporation in the 
water-bath, leaves crystals of a salt not easily soluble in alcohol, and 
the watery solution of which gives with chloride of calcium and baryta 
a white precipitate ; with sulphate of copper and sulphate of protoxide 
of nickel, a green ; with cobaltous sulphate, a red ; with sugar of lend, 
mercury chloride and argentic nitrate, a white crystalline precipitate. 
With palladium chloride there occurs a yellow, hair-like, crystalline 
precipitate ; later crystals, which are isomorphous with the nickel and 
copper salts. 

If the tincture of cantharides has been used in considerable quantity, 
the urine may be examined ; in such a case there will collect on the 
surface drops of a green oil, which may be extracted by petroleum 
ether ; this oil is not blister-raising, Cantharides in powder may, of 
course, be detected by its appearance. 

To the question whether the method proposed would extract any 
other blister-producing substance, the answer is negative, since ethereal 
oil of mustard would be decomposed, and the active constituents of the 
Euphorbias do not withstand the treatment with KHO. Oils of 
anemone and anemonin are dissolved by KHO, and again separated 
out of their solutions ; but their blistering property is destroyed. They 
are volatile, and found in anemone and some of the Ranunculaceie . In 
the Aqua pulsatilla there is an oil of anemone, which may be obtained 
by shaking with ether ; but this oil Is not permanent, and if the Aqua 
puhatilla stand for a little time, it splits up into anemonic acid and 
anemonin, and then cannot be reobtained. A blistering substance, 
obtained from the Anacardia orientalia and the fruit of the Anacardium 
occidentale and Semecarpus anacardium, is not quite destroyed by a 
short action with potash, but is by one of long duration ; this substance, 
however, cannot be confused with cantharidin, for it is oily, yellow, 
easily soluble in alcohol and ether, and differs in other respects. 
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V.— Poisonous Snakes. 

§ 642. The poisonous snakes are classified as follows : — 

A. Colubrid2E, Venenosj:. 

I, Opistoglypha (suspected snakes, “serpentes suspedi”), — Furrowless 
teeth in the fore-part of the upper jaw, behind one or several poison 
fangs. They are almost all poisonous, but seldom dangerous to man 
or the larger animals. They are represented by Homalopsince, the 
water snakes ; Dipsadomcnphince, whip snakes ; and Blachistodontince. 

II. Proteroglypha . — Furrowed teeth. The teeth .in the forepart of 
the upper jaw are provided with a deep groove or furrow, in combination 
with very often highly developed poison glands. This division includes 
the sea-snakes Hydrophince and the Elapince. 

B. V tPERlD/E, 

I. Crotalince (pit vipers). — Head very broad. On both sides of the 
head, between the eyes and nostrils, a deep depression or pit ; hence the 
name, 

II. Viperince (vipers). — Head very broad, but possessing no pit like 
the Crotalince, 

The Opistoglyphm are poisonous to small animals, and species belong- 
ing to this order have occasionally caused illness in man. 1 *' 

The Proteroglyphce include most of the poisonous snakes other than 
vipers ; to this order belong : — 

The sea-snakes (Hydrophinte), common in the Indian Ocean and in 
the Facific. The poison of the Enhydrina bengalensis has been investi- 
gated by Leonard Rogers ; he found it less resistant to heat than the 
cobra poison ; its physiological action strongly resembled that of the 
cobra, but since the lethal dose for birds was so small as '05 mgrm. per 
kilo., it appeared to be ten times stronger or more concentrated. 

Fraser and Elliott have also made some observations on the poison 
of Enhydrina valakadien, and found that the dried poison killed cats in 
the proportion of '02 mgrm,, rabbits ‘06 mgrm,, and rats '09 mgrm. 
per kflo, of body weight. 

§ 643. The Poison of the Cobra. — The poison excreted from the 
salivary glands of the cobra di capello is one of the most deadly animal 
fluids kuown. When first ejected, it is an amber-coloured, rather 
syrupy, frothy liquid, of specific gravity 1 '046, and of feeble acid 
reaction ; it dries rapidly on exposure to air to a yellow film, which 
readily breaks up into brilliant yellow granules, closely imitating 
* J, J, Cjueleh, Proceedings of the Zoological Society, 1898 . 
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crystals. The yellow powder is very acrid and to the nostriJ§, 

and excites a painful (though transitory) inflanft$ation, -if applied ,td 
the mucous membrane of the eye; the taste is bitter, and it raises 
little blisters on the tongue. It is perfectly stable, can be heated 
to 100° C. without decomposition for a short time, and preserves its 
activity for an indefinite time. The dried poison as described is 
perfectly soluble in water, and if the water is added in proper 
proportions, the original fluid is without doubt reproduced, the solution 
usually depositing a sedimeut of epithelial debris, and often containing 
little white threads. 

The poison has been examined by several chemists, with various 
results. The senior author isolated, in 1876, a crystalline principle as 
follows: — Ihe yellow granules were dissolved in water, thealbumen which 
the venom so copiously contains coagulated by alcohol, and separated by 
filtration ; the alcohol was then driven off at a gentle heat, the liquid 
concentrated to a small bulk, and precipitated with basic acetate of 
lead. The precipitate was separated, washed, and decomposed in the 
usual way by SH 2 , and on removing the lead sulphide, crystals having 
toxic properties were obtained. The authors have been unable, through 
want of material, to deal with the suggestion of F. Norris Wolfendeu that 
the crystals were those of gypsum, their toxic properties being due to 
adhering impurities. 

Pedler, * precipitating the albumen by alcohol, and then to the 
alcoholic solution adding platinic chloride, obtained a sembcrystalline 
precipitate, which from an imperfect combustion he thinks may have 
something like the composition PtCI 4 (C l7 H 25 N 4 0 7 HCl). i . 

The latest observer of the cobra poison, Edwin Stanton Faust, t claims 
to have shown that the essential constituent of the cobra poison is a 
nitrogen-free substance, belonging pharmacologically to the group of 
the picrotoxius, sapotoxins, and sphacelo -toxins. To this substance he 
gives the name of “ophiotoxin” ; he has obtained it in aqueous solution, 
but directly the aqueous solution is concentrated in a vacuum, the 
white residue obtained is in most cases inactive, The solution froths 
on shaking ; if injected subcutaneously it has but little action ; on the 
other hand, if injected intravenously the ordinary effects of cobra 
poison are produced, TIencc Faust appears to believe that the poison of 
the cobra is some compound of his ophiotoxin and an albuminoid body: 
the combination being easily dissolved. He thinks that there is some 
analogy between the cobra poison and the jalapin-elaterin group, in 
which the free acids and their salts are inactive ; while, on the other 
hand, the anhydrides are active. 

* Proe. Roy. Soc., voi, xxvii, ju 17, 

t Die thierischen Oifte , Braunschweig, 1906. 
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The blood of the cobra is also poisonous, A Calmette * has 
found that 2 c.c. of fresh cobra blood injected into the peritoneum 
of a rabbit weighing 1‘5 kilo., causes death in six hours; the same 
dose of the defibrinated blood injected into the veins is fatal in three 
minutes. 

§ 644. Fatal Dose. — From one of the senior author’s experiments on 
cats, rabbits, and birds, it seems probable that the least fatal dose for cats 
and rabbits lies between ‘7 and ‘9 mgrm. per kilo., and for birds some* 
where about '7 mgrm. per kilo, of the dried poison ; the venom contains 
about 60 per cent, of albuminous matter, and about 10 per cent, of 
poisonous substance ; therefore, the lethal power' is represented by 
something like '07 to '09 mgrm. per kilo., if the pure toxic principle 
free from albumeu and diluting impurities be considered. Calmette 
calculated the fatal dose for a man at 10 mgrms., Fraser 31'7 mgrms., 
and Elliott about 30 mgrms. 

§ 645. Effects on Animals. — There has been much exact physio* 
logical work done on the cobra poison since the last edition of this 
work. One of the most complete researches is that by H. R. Elliott ; f 
he has confirmed the fact that cobra venom raises the blood ■pressure ; 
this action can be traced in the vessels of the frog, down to dilutions of 
1 in ten million. If the solution is concentrated, it acts directly on 
the isolated frog’s ventricle, killing it in systole ; but if the solution is 
weak, the action of the heart is stimulated ; this brings cobra venom 
into line, pharmacologically, with the glucosides of the Strophantin 
group. Elliott found that atropiue sulphate and cobra venom in the 
same solution intensify each other, 

Cobra venom acts powerfully on the mammalian heart ; the action 
is dual, 

(1) A direct action on the muscular fibres or on the nerve endings. 

(2) An action on the intra*cardial vagal mechanism. 

Concentrated solutions cause irregular and extreme cardiac excita- 
tion, with early death in systole ; with less concentrated solutions, the 
early stage of excitement yields to a prolonged phase in which the 
tonic action of the poison in the heart is most pronounced, the beat is 
regular, steady, and strong, 

When given subcutaneously in low lethal doses, death occurs from 
paralysis of the respiratory centre ; there is a gradually increasing 
venosity of the blood, and if life is prolonged beyond the usual term 
(five hours) the phrenic and other motor nerves may become paralysed. 
If a large dose be given intravenously, the respiration may cease 
almost at once. By applying cobra venom direct to the exposed 
medulla oblongata of the rabbit, Elliott has shown that the respiratory 
* Conipt, rend. Soc , deEiol,, 1894, t Phil, Trans,, 1905. 
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centre can be paralysed without the phrenic nerve ends or the heart 
being appreciably affected. 

If very large doses be given, the direct action of the poison on the 
heart may produce death by cardiac failure. Such large doses cause (a) 
a sudden fall of blood-pressure ; ( b ) a subsequent rise, if the dose has 
not been too large ; ( c ) a final fall to zero. 

Cobra poison, in common with that of most of the Colubridse, prevents 
the coagulation of the blood, in contradistinction to the viper poisons, 
which strongly coagulate blood ; both classes of poison appear to dis- 
solve out the red colouring matter of the blood. 

The post-mortem appearances are not very distinctive ; at the 
point of injection, there is often a slight hsemorrhagic oedema. 
The liver and the spleen show on their surfaces circumscribed 
haemorrhagic spots ; the peritoneum, the meninges, endocardium, 
pleura, and mucous membranes show frequently ecchymoses, and 
the blood is fluid and dark. 

§ 646. Effects on Man, — By far the best account hitherto published 
of the effects of the cobra poison is a paper by Dr. Wall,* in which 
he points out the very close similarity between the symptoms produced 
and those of glosso-pharyngeal paralysis. This is well shown in the 
following typical case; — A coolie was bitten on the shoulder about 
twelve at midnight by a cobra ; he immediately felt burning pain at 
the spot bitten, which increased. In fifteen minutes afterwards he 
began, he said, to feel intoxicated, but he seemed rational, and 
answered questions intelligently, The pupils were natural, and the 
pulse normal; the respirations were also not accelerated. He next 
began to lose power over his legs, and staggered. In thirty minutes 
after the bite his lower jaw began to fall, and frothy viscid mucous 
saliva rau from his mouth ; he spoke indistiuctly, like a man under 
the influence of liquor, and the paralysis of the legs increased. 
Forty minutes after the bite, he began to moan aud shake his head 
from side to side, aud the pulse and respirations were somewhat 
accelerated ; but he was still able to answer questions, and seemed 
conscious. There was no paralysis of the arms. The breathing 
became slower and slower, and at length ceased one hour and ten 
miuutes after the bite, the heart beating for about oue minute after 
the respiration had stopped, 

There is often very little sigu of external injury, merely a scratch or 
puncture being apparent, but the areolar tissue lying beneath is of a 
purple colour, and infiltrated with a large quantity of coagulable, purple, 

* " On tlic Dillercnce of tlie Physiological Effects Produoed l>y the Poison of 
Indian Venomous Snakes,’’ by A. T, Wall, M. !>,, Proc . lioy. A'oc., 1881, vol. xxxii. 
p. 333. 
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blood-like fluid. In addition, the whole of the neighbouring vessels are 
intensely injected, the injection gradually diminishing as the site of the 
poisoned part is receded from, so that a bright scarlet ring surrounds a 
purple area, and this in its turn fades into the normal colour of the 
neighbouring tissues. At the margin is also a purple blood-like fluid, 
replaced by a pinkish serum, which may often be traced up in the 
tissues surrounding the vessels that convey the poison to the system, 
and may extend a considerable distance. These appearances are to be 
accounted for in great part by the irritant properties of the cobra 
venom. The local hypersemia and the local pain are the first symptoms. 
In man there follows an interval (which may be so short as a few 
minutes, or so long as four hours) before any fresh symptoms appear ; 
the average duration of the interval is, according to Dr. Wall, about an 
hour. When once the symptoms are developed, then the course is 
rapid, and, as in the case quoted, a feeling like that of intoxication is 
first produced, and then loss of power over the legs. This is followed 
by a loss of power over the speech, over swallowing, and the movement 
of the lips ; the tongue becomes motionless, and hangs out of the 
mouth ; the saliva is secreted in large quantities, and runs down the 
face, the patient being equally unable to swallow it or to eject it, and 
the glosso-pharyngeal paralysis is complete. 

§ 647. Cobra Anti-toxin, — All the so-called antidotes, such as gold 
chloride, potassic permanganate, and others, have proved to be useless ; 
for, although chemical agencies may make the poison clinging to the 
wound inert, such reagents fail to neutralise the absorbed poison. It 
had long been known that animals dosed subcutaneously by quantities 
of cobra or other snake venom, insufficient to kill, acquired a certain 
degree of immunity against the same poison ; this induced Calmette to 
endeavour to obtain an anti-venom serum on the same principle, as to 
preparation, as the well-known commercial anti -toxin for diphtheria. In 
this Calmette, working in the Lille Institute, has been to a great 
extent successful. Horses and donkeys are the animals selected to 
produce the immunising and curative serum ; these animals are injected 
with ever-increasing doses of cobra poison, until they bear without 
reacting two hundred times the otherwise deadly dose — ejj, the fatal 
dose for a horse is about 10 mgrms, of the dried cobra venom, and a 
horse after successful treatment will bear the injection of a quantity 
equal to no less than 2 gnus, Many animals during the process die of 
endocarditis or nephritis, which affections must therefore be considered 
as true sequelae to chronic cobra poisoning. The serum obtained from 
the blood of an animal, which is considered highly resistant is tested 
by mixing a definite quantity of it with an equally definite quantity of 
cobra venom, and injecting it into some small animal. The serum is 
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considered snflioiently acti ve if 2 c.c. of scrum mixed with 1 mgrm. of 
cobra venom produces uu poisonous symptoms when injected into a 
rabbit, and if 2 c.e. of the scrum injected into n rabbit. 2 kilogrammes 
in weight protects it from the effects of 1 mgrm. of cobra venom in* 
jeeted subcutaneously an hour later. 

The serum is preserved with strict antiseptic precautions in 10*c.c. 
tidies ; it is said not to lose its activity fin' two years or even longer. 
Another method of preserving the serum is drying it at a low tempera- 
ture j it then appears in commerce as light dry yellow scales, which for 
subcutaneous use are dissolved in water at the time. Pur ten years 
now the Pasteur Institute at Lille bus prepared this form of anti*toxin • 
at first it was hoped that in such a substanco was to bo found a general 
remedy for, or protection against, snake biter, but this is not so ; its action 
is eoniined to either the particular species of snake venom, or species 
nearly allied, against which the horse was immunised. Kx peri meuts are, 
however, being made in order to obtain if possible a general sort of 
scrum, by operating with mixtures of venoms ; whether success will be 
attained time alone can show, 

§ 047 a. Other Colubrine Snakes. Ilmu/arn* fnadalux, or the Banded 
Krait, acts similarly to tlm cobra poison; but siuec its activity is 
destroyed by heating from 73"— /S', if is less stable, 

lium/arM t'<fr id fin i, or tlm Krait, one of the most dreaded of the 
Indian snakes, is said to be: even move virulent tlmn the cobra.* 

Nnja lhmijiim x, or tlm Hamadryad, possibly the largest poisonous 
snake in the world, growing to over 13 feet in length; the Naja haje 
(Cleopatra's asp) ; Klu/i * >• or all hum, the brilliant red coral snake of 
America; tlm K/u/a'iioi of Australia all possess a venom having a 
physiological notion similar to that of the cobra, 

The Vipevidse, Tlnr chief poisonous snakes belonging to the 
Kyierb/'o, besides the true vipers, are the American rattlesnakes, 
belonging to tint genus Crufuliin viz.., the /,nchmin mufa (Croialus 
tnidiMi, commonly called tin*, siiruciicu, or ltuslunu.sf.er of the Dutch 
colonists trf /Surinam, one of the largest venomous snakos ; the Copper* 
bead, also known under I be name of <Tlnink-lum.il; Deaf Adder and 
Pilot snake (Tr)'/oiirn‘r/,Jinhiii aml">im) ; various species of liothrops in 
tlm Hra/iis, Then* is also a speeds of Trinirirmru* in one of the 
.Jnjtiuic.se islands, which appears to be specially aggressive, and kills 
some *18—70 hours after tin: bile. 

The poisons of these snakes appear to be different from that of the 
cobra and more nimloguns to the poison of the trim vipers. 


* b-oiiuu! Hogoj-it, M,b,, Phil. Tcrnt*o\, ltini, Major It. H, Mlliott and 
W. Kitiar, M.li. , >W. Sir, >,/ c/hirrrnlv>«l "n Ihr l r ov»in rf Ike Sianilarl Krail 

* llt/it/pi,)'* 1,7 tlj.’.i'isi I/iiuii), M.I), If fas. , Cfrieuttu, 190-1. 
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<> 6 47 Bi Duboia Russellii. — The Duhoia russellii or Russell’s viper is 
one of the best known and most deadly of the Indian vipers. The 
poison of the viper differs from that of the cobra in causing greater 
local effect ; it also coagulates the blood instead of making it more fluid. 
Viper poison apparently digests fibrin ; it is not very stable, as a heat 
of about 80° -8 5° destroys it. The effects of the poison of this viper 
are also different from those of the cobra. The action commences by 
violent general convulsions, which are often at once fatal, or may be 
followed by rapid paralysis and death ; or these symptoms, again, may 
be recovered from, and death follow at a later period. The convulsions 
do not depend on asphyxia, and with a small dose may be absent. The 
paralysis is general, and may precede for some time the extinction of 
the respiration ; the pupils are widely dilated, there are bloody dis> 
charges, and the urine is albuminous. Should the victim survive the 
first effects, then blood .poisoning may follow, and a dangerous illness 
result, often attended with copious haemorrhages. A striking example 
of this course is recorded in the Indian Med. Gay.., June I, 1872. 

A Mahommedau, aged 40, was bitten on the finger by Russell's viper ; 
the bitten part was soon after excised, and stimulants given. The hand 
and arm became much swollen, and on the same day he passed blood by 
the rectum, aud also bloody urine. The next day he was sick, and still 
passing blood from all the channels ; in this state he remained eight days, 
losing blood constantly, and died on the ninth day. Nothing definite is 
known of the chemical composition of the poison ; it is probably qualita- 
tively identical with '‘viperin.” 

§ 647c. The Poison of the Common Viper. — The common viper still 
abounds in certain parts of Great Britain, as, for example, on Dartmoor. 
The venom was analysed in a partial manner by Valentin. In 1843 
Prince Lucien Bonaparte separated a gummy varnish, inodorous, 
glittering, aDd transparent, which he called echidnin or viperin ; it was 
a neutral nitrogenous body without taste, it arrested the coagulation of 
the blood, and, injected into animals, produced all the effects of the 
bite of the viper. Phisalix and G. Bertrand have studied the symptoms 
produced in small animals after injection. A guinea-pig, weighing 
500 grms., was killed by 0‘3 grm. of the dried venom dissolved in 
5000 parts of saline water ; the symptoms were nausea, quickly passing 
into stupor. The temperature of the body fell. The autopsy showed 
the left auricle full of blood, the intestine, lungs, liver, and kidneys 
injected. The blood of the viper is also poisonous, and produces the same 
symptoms as the venom,* The puff adder {Viper a arietans) is found in 
south aud equatorial Africa ; the Hottentots use either the crushed head 
or the poison glands as an arrow poison 

* Compt. reivL. Soc. de Biol., t v, 997. 
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§ 647 d, Epinephrin (adrenalin • supraienin), CgH^OglT. — This sub- 
stance was first isolated in an impure condition from the suprarenal gland 
by Abel and Crawford in 1897, and has received much attention since 
that date on account of its extraordinary physiological activity. The 
researches of a number of chemists — e.g. Von Furth, Pauly, Jowett* — 
have now settled the constitutional formula of epinephrin, showing it to 
be a methylamino-derivative of catechol ; 


OH 

0° K 

CH(OH) 

CH.jNHCH^ 


On oxidation with permanganate, fonnic and oxalic acids are obtained 
and methylamine ; on fusion with KOH, the resulting product cou* 
taius proto-catechuic acid ; on complete methylatiou and subsequent 
oxidation with permanganate, it yields trimethylamine and veratrio acid. 
All these reactions are consistent with the above formula. 

Jowett and Barger have further confirmed the constitution of 
epinephrin by the synthesis of a methylene ether : 


- CH., 


/ n n 

u 

CH . OH 



NHMc 


which, on treatment with HC1 at 150°, yields a substance having the 
chemical and physiological properties of epinephrin ( Journ . Ch.em, Soc., 
Trans,, 1905), H. 1). Dakin has shown that, starting with catechol, 
a body may be prepared having the same formula as epinephrin and 
having the same reaction, and of great physiological activity, but it is 
optically inactive, A number of allied substances have also been 
prepared which cause a rise in the blood .pressure ( Proc . Physiol, Soc., 
1905. J, Physiol, xxxii.), 

Epinephrin is obtained from the suprarenal glands by precipitating 
the aqueous extract by lead acetate or alcohol to get rid of impurities, 
and finally adding ammonia. From the ammoniacal liquid, small crystals 
ultimately separate; these arc dissolved repeatedly in acid and 
precipitated by ammonia : it has also been obtained pure by first 

* "The Constitution of Epinephrine,” by Hooper Albert Dickinson Jowett, 
Journ, Chen. Hoc., Trans., 1904, 
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converting epinephrin into a salt, dissolving in alcohol, and fractionally 
precipitating with ether. 

Epinephrin is soluble with difficulty in cold water, but better in hot ; 
it is insoluble in chloroform, amyl-alcohol, carbon disulphide, ether, 
acetone, and petroleum ether ; in alcohol it is slightly soluble. The 
caustic alkalies dissolve it, but neither the carbonates of the alkalies nor 
ammonia. 

It is not precipitated by the group alkaloidal reagents ; it reduces 
Fehling’s solution, and also ammoniacal silver solution. It forms soluble 
salts with acids, reacts feebly alkaline to litmus paper, and its aqueous 
solution becomes red on exposure to the air, turning later to brown. 
The addition of ferric chloride to such solution produces a characteristic 
green colour. Epinephrin polarises ; its specific rotation, according to 
Jowett, is [a] D = - 32-0°. 

§ 647s. Physiological Action of Epinephrin. — The primary action is 
on the blood-vessels and the heart. Applied to the skin or to a mucous 
membrane, it produces an extraordinary contraction of capillaries and 
arteries, so as to diminish greatly the blood supply; hence its great 
use in surgery. If injected intravenously, fractions of a mgrm. cause 
in dogs or rabbits a large sudden increase of the blood-pressure ; but in 
consequence of destruction or change of the poison, this increased blood- 
pressure is of very short duration. After subcutaneous doses of 
epinephrin, glycosuria lias been observed. W, Erb, junior,"* has found 
that if from 0T to I mgrm. of epinephrin is injected into rabbits for a 
length of time — e,g. 10-60 days — disease of he aorta and other large 
arteries is induced. 

Death occurs from heart paralysis or arrest of the respiration. 
There is great danger in treating human patients with subcutaneous 
injections of epinephrin, if the heart is already weakened by disease ; 
in such a case death may occur,, probably from the sudden stress put 
on the circulation from the increased blood-pressure, 


DIVISION II,— PTOMAINES— ANIMAL TOXINES. 

§ 648, In the last edition of this work a ptomaine was defined as 
a basic chemical substance derived from the action of bacteria on 
nitrogenous substances, This definition can no longer be accepted, for 
ptomaines may be produced by the action of enzymes, without the 
intervention of bacterial life, The word 11 ptomaine” itself is open to 
objection, and although still used in newspapers and popular diction, 
* Archivf, exp, Bath. u, Phai-malcologic, 1905. 
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is getting rare in the stricter language of recent pharmacology and 
physiology. It will be best at present to classify the so-called ptomaines 
as “animal toxines,” a large number of which appear to be the pro- 
duction of special bacteria — in some, and indeed in most cases, they 
appear to be the excretory products of the bacteria ; on the other hand, 
it has been shown that the typhoid bacillus, the Bacillus coli communis , 
the Bacillus euteritidis, Gaertner, and the Bacillus dysenteries, all contain 
endo-toxines, which have a similar physiological action, causing in the 
rabbit great lowering of the body temperature, diarrhoea, prostration, 
with sudden collapse and death. The foul -smelling bodies occurring in 
putrefactive processes, contrary to general belief, have but slight 
physiological action. 


Isolation of Animal Toxines. 

§ 649. Gautier’s* Process, — The liquid is acidified with oxalic acid, 
warmed, filtered, aud distilled in a vacuum. 

In this way pyrrol, skatol, phenol, indol, and volatile fatty acids are 
separated and will be found in the distillate. The residue in the retort 
is treated with lime, filtered from the precipitate that forms, and distilled 
in a vacuum, the distillate being received in weak sulphuric acid. The 
bases accompanied with ammonia distil over. The distillate is now 
neutralised by sulphuric acid t and evaporated nearly to dryness, 
separating the mother liquid from sulphate of ammonia, which crystallises 
out. The mother liquids are treated with absolute alcohol, which dis- 
solves the sulphates of the ptomaines. The alcohol is got rid of by 
evaporatiou, the residue treated with caustic soda, and the bases 
shaken out by successive treatment with ether, petroleum ether, and 
chloroform. The residue remaining in the retort with the excess of 
lime is dried, powdered, and exhausted with ether ; the ethereal extract 
is separated, evaporated to dryness, the dry residue taken up in a 
little water, slightly acidulated, and the bases precipitated by an 
alkali, 

§ 650. Brieger’s Process, — Brieger j thus describes his process : — 

The matters are finely divided and boiled with water feebly acidulated 
with hydrochloric acid, 

Care must be taken that, on boiling, the weak acid reaction is 
retained, and that this manipulation only lasts a few minutes. 

* Ptomaines et Lcucomaines, K J, A, Gautier, Paris, 1886. 

1 The first acid apparently is so dilute that the distillate more than neutralises 
it, hence more sulphuric acid is added to complete neutralisation. 

+ Untmuchnngeii iiber Ptomaine, Theiliii., Berlin, 1886, 
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The insoluble portion is filtered off, and the filtrate evaporated either 
in the gas-oven or on the water-bath, to syrupy consistency^ If the 
substances are offensive, as alcoholic and watery extracts of flesh imaUy 
e the US e of Bocklisch’s simple apparatus (sec diagram) is to be 
’ * recommended. The filtrate to be evaporated is 

b placed in a flask provided with a doubly per- 

(p^ fora ted caoutchouc cork carrying two bent tubes ; 

1 ] ' the tube b terminates near the bottom of the 

\ while the tube a terminates a little above 

- S - tl ie ’level of the fluid to bo evaporated. The 

tube a is connected with a water pump which 
sucks away the escaping steam. In order to 
avoid the running back of the condensed water 
J V forming in the cooler part of the tube, the end 
z' 0 f fhe tube a is twisted into a circular form. 

/ / \ Through the tube h, which has a flue capillary 

( ^ \ bore, a stream of air is allowed to enter, which 

l / keeps the fluid in constant agitation, continually 

\ JJ J destroying the scum on the surface, and avoiding 

/ sediments collecting at the bottom, which may 
" cause fracture of the flask. According to the 

regulation of the air current, a greater or smaller vacuum (an be pro- 
dimed The fluid, evaporated to the consistency of a syrup, is treated 
with 96 per cent, alcohol, filtered, and the filtrate precipitated with 


lead acetate. 

The lead precipitate is filtered off, the filtrate evaporated to a syrup, 
and the syrup again treated with 96 per cent, alcohol. This is again 
filtered the alcohol got rid of by evaporation, water added, the lead 
thrown down by SH 2 , and the fluid, after' the addition of a little 
hydrochloric acid, evaporated to the consistence of a syrup ; this syrup 
is exhausted with 96 per cent, alcohol, and precipitated with an alcoholic 
solution of mercury chloride. The mercury precipitate is boiled with 
water, aud by the different solubility of the mercury salts of certain 
ptomaines some separation takes place. If it is suspected that some of 
the basic toxines may have been separated with the lead precipitate, 
this lead precipitate can be decomposed by SH 2 and investigated. "I 
have only (says Brieger) in the case of mussels been able to extract from 
the lead precipitate small quantities of ptomaines.” 

The mercury filtrate is freed from mercury and evaporated, the 
excess of hydrochloric acid being carefully neutralised hy means of soda 
(for it must only be slightly acid) ; then it is again treated with alcohol, 
so as to separate as much as possible the inorganic constituents. The 
alcoholic extract is evaporated, dissolved in a little water, neutralised 
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with soda, acidulated with nitric acid, and precipitated with phosplio- 
molybdic acid. The phospho-molybdic acid precipitate is decomposed 
with neutral lead acetate, which process may be facilitated by heating on 
the water- bath. After getting rid of the lead by treatment with SH. ? , 
the fluid is evaporated to a syrup and alcohol added, by which process 
many basic toxines may be eliminated as hydrochlorates ; or they can 
be converted into double salts (of platinum or gold) for the purpose of 
separation. In the filtrate from phospho-molybdate, bases may also he 
found by treating with lead acetate to get rid of the phospho-molybdic acid, 
and then adding certain reactives, Since it is hut seldom that the hydro- 
chlorates are obtained in a state of purity, it is preferable to convert the 
substance separated into a gold or platinum salt or a picrate, since the 
greater or less solubility of these compounds facilitates the purification of 
individual members ; but which reagent is best to add, must be learned 
from experience, The melting-point of these salts must always be 
taken, so that an idea of their purity may be obtained. It is also to be 
noted that many gold salts decompose on warmiug the aqueous solution ; 
this may be avoided by the addition of hydrochloric acid, The hydro- 
chlorates of these bases are obtained by decomposing the mercury, gold, 
or platinum combinations by the aid of SH ? , while the picrates can he 
treated with hydrochloric acid and shaken up with ether, which latter 
solvent dissolves the picric acid. 

Considerable difficulty in the purification of the bases is caused by 
a nitrogenous, amorphons, uou-poisonous, albumin-like substance, which 
passes into all solutions, and can only be got rid of by careful pre- 
cipitation with an alcoholic solution of lead acetate, in which it is 
soluble iu excess. . This albuminoid forms an amorphous compound with 
platinum, and acts as a strongly reducing agent (the platinum compound 
contains 29 per cent, platinum). When this albuminoid is eliminated, 
then the hydrochlorates or the double salts of the bases crystallise. 

§ 651. The Benzoyl Chloride Method. — The fatty diamines in dilute 
aqueous solutions, shaken with benzoyl chloride and soda, are converted 
into insoluble dibenzoyl derivatives ; these may be^separated from 
benzamide and other nitrogenous products by dissolving the precipitate 
in alcohol, and pouring the solution into a large quantity of water.'*' 
Compounds which contain two amido groups combined with one 
and the same carbon atom, do not yield benzoyl derivatives when 
shaken with benzoyl chloride and soda. Hence this reaction can be 
utilised for certain substances only, The solution must be dilute, 
because concentrated solutions of creatine, creatinine, and similar bodies 
also give precipitates with benzoyl chloride; no separation, however, 
occurs unless these bodies are in the proportion of five per thousand. 

* L, V, Udiinsky and Baumann, Ber, , xxi. 2744, 
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The process is specially applicable for the separation of ethylene- 
diamine, pentamethylenediamine (eadaverine), and tetramethylenedia- 
mine (putresciue) from urine. In a case of cystinuria Udrkisky and 
E. Baumann * have found 0'24 grm. of benzoyltetramethylenediamine, 
0'42 grm. of beuzoylpentamethylenediamine in a day. Diamines are 
absent in normal faeces and urine. Stadthagen and Brieger f have also 
found, in a case of cystinuria diamines, chiefly pentamethylenediamine. 

The operation is performed by making the liquid alkaline with soda 
so that the alkalinity is equal to about 10 per cent., adding benzoyl 
chloride, shaking until the odour of benzoyl chloride disappears, and 
then filtering ; to the filtrate more benzoyl chloride is added, the liquid 
shaken, and, if a precipitate appears, this is also filtered off, and the 
process repeated until all diamines are separated. 

The precipitate thus obtained is dissolved in alcohol, and the 
alcoholic solution poured into a considerable volume of water and 
allowed to stand over night ; the dibenzoyl compound is then usually 
found to be in a crystalline condition. The compound is crystallised 
once or twice from alcohol or ether, and its melting-point and properties 
studied. Mixtures of diamines may be separated by their different 
solubilities in ether and alcohol, 

A solution of 0‘00788 grm. of pentamethylenediamine in 100 c.c. 
of water gave 0‘0218 grm. of the dibenzoyl-derivative when shaken with 
benzoyl chloride (5 c.c.) and 40 c.c. of soda (10 per cent.) and kept for 
twenty-four hours. In a second experiment with a similar solution only 
00142 grm. of dibenzoyl-derivative was obtained ; } hence the process is 
not a good quantitative process, and, although convenient for isolation, 
gives, so far as the total amount recovered is concerned, varying results.g 
§ 652. The Amines. — The amines are bases originating from 
ammonia and built on the same type, Those that are interesting as 
poisons are monamines, diamines, and the quaternary ammonium bases. 

Considered as compound ammonias, the amines are divided into 
primary ov amide bases, secondary or imid bases, and tertiary or nitrile 
bases, according as to whether one, two, or three atoms of hydrogen 
have been displaced from the ammonia molecule by an alkyl ; for 
instance, methylamine NH 2 CH 3 is a primary or amide base, because 
* L, Y. Udr&nsky and Baumann, Zdt. f. physiol Chem, , xiii. 562. 
t Arch, pathol. Anatom., exv. p. 3, % Ber., xxi. 2744, 

. § J, Otori has shown that most of the amines as well as betaine, choline, neurine, 
and lysine form difficultly soluble compounds with pierodonie acid : hence this acid 
may be used as a group reagent like benzoyl chloride. A. Loewy and C. Neuberg 
have shown that an ether solution of phenylisocyanate is useful for the separation 
of certain diamines, compounds with the diamines being readily formed. The 
phenyl -diamine compounds are dried, dissolved in pyridine so as to form a saturated 
solution ; out of this acetone precipitates (if present) immediately the tetramethylene 
derivative, -whereas the others require hours to separate (Zeit, f physiol. Chemie, xliii. ). 
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only one of the three atoms of H in NH 3 has been replaced. fc>y metlivl • 
similarly, dimethylamine is a secondary or itnid base, and triruetlivl. 
amine is a tertiary or nitrile base. 

The quaternary bases are derived from the hypothetical ammonium 
hydroxide NH 4 0H, as, for example, tetraethyl ammonium hydroxide 
(C 2 H 5 ) 4 N,OH. 

The diamines are derived from two molecules of NH, and therefore 
contain, instead of one molecule of nitrogen, two molecules of nitrogen ■ 
in two molecules of ammonia there are .six atoms of hydrogen "two 
four, or six of which may be replaced by alkyls; as, for example. 



Ethylened iaiuin e . 



Diethyl enediam i« e . 


/C 2 H. x 

Ti 5 C 11 oO i amii i;- . 


Tlie monamines are similar to ammonia in their reactions; some of 
them are stronger bases ; for instance, ethylamine expels ammonia from 
its salts. The first members of the series are combustible gases of 
pungent odour, and easily soluble in water ; the higher liomolugues are 
fluids ; and the still higher members solids. 

The hydrochlorides are soluble in absolute alcohol, while chloride of 
ammonium is insoluble; this properly is taken advantage of for separat- 
ing amines from ammonia. The amines form double salts with platinic 
chloride ; tins is also utilised for recognition, for the purpose of separa- 
tion, and for purification; for instance, ammonium-platmurri- chloride on 
ignition yields 43 '99 percent, of platinum, and methylamine-platimim* 
chloride yields 47 '4 of platinum, It is comparatively easy to ascertain 
whether an amine is primary, secondary, or tertiary. 

The primary and secondary amines react with nitrous aoid, but not 
the tertiary ; the primary amines, for instance, are converted into 
alcohols, and there is an evolution of nitrogen gas ; thus naetfaylamine ts 
decomposed into methyl alcohol, nitrogen, and water. 


CH 3 NH 2 4 - (OH)NO = CH s (0 H) + N 2 4 - H 2 0. 

The secondary amines, treated in the same way, evolve no nitrogen, 
but are converted into nitrosamines ; thus dimethylainine, when treated 
with nitrous acid, yields u itiosod imethy lurnine, 

(CH 3 ) 2 NH 4- (OH)NO =(CH 3 ) 2 (NO)N 4-H 2 0 ; 

and the nitrosamines respond to the test known as Liebemian ’s nitrbso- 
reaction, which is thus performed : — The substance is dissolved in 
phenol and a few drops of concentrated sulphuric acid added, The 
yellow colour at first produced changes into blue by a,dding to the 
acid liquid a solution of potash, 

The primary amines, and the primary amines alone, treated with 
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chloroform and alcoholic potash, yield the peculiarly offensive smelling 
carbylamine or isonitrile (Hofmann’s test), 

NH,(CH 3 ) + CHC1 3 + 3KOH = C=N V — CH 3 + 3KC1 + 3H 2 0. 

Again, the primaiy bases, when treated with corrosive sublimate and 
carbon disulphide, evolve sulphuretted hydrogen, and mustard oil is 
produced, e.y,, 

NH„(C 2 H 5 ) + CS., = CS“N- C 2 H,, + H 2 S. 

Etliylamine. Etliylmustard oil. 

Wtiere a sufficient quantity of an amine is obtained, the primary, 
secondary, or tertiary character of the amine may be dednoed with 
certainty by treating it with methyl or ethyl iodide. 

A molecule of the base is digested with a molecule of methyl iodide 
and distilled with potash ; the distillate is in the same manner again 
treated with methyl iodide and again distilled ; and the process is 
repeated until an ammonium base is obtained, which will take up no 
more iodide. If three methyl groups were in this way introduced, the 
original substance was primary ; if two, secondary ; if one, tertiary. 

The quaternary bases, such as tetraethyl ammoniumoxhydrate, de- 
compose, on heating, into triethylamine and ethylene ; the corresponding 
methyl compound in like manner yields trimethylamine and methyl- 
alcohol. 

On the other hand, the primary, secondary, and tertiary bases do not 
decompose on heating, but volatilise without decomposition. 

The chief distinctions between these various amines are conveniently 
put into a tabular form as follows : — 



Primary. 

Secondary. 

Tert»ary r 

Quaternary, 


Nfl.jR. 


NIio. 

NEj(OH). 

On treating with methyl 
iodide it tabes iqi the 
following number of 
methyl groups, . , , 

3 

2 

1 


Reaction with nitrous 
acid, 

Decomposes 

Formation of 



Mustard oil, Ac, , on treat- 
ment with 0S 2 and sub- 
limate, 

withcvoln- 
tion of ni 
trogen gas. 

Mustard oil 

n i 1 1 * 0 s • 
amine. 



Chloroform and alcoholic 
potash, 

formed, 
Formation of 




Effect of strong lieat, . . 

0 a r b y 1- 
amine 
Sublimes. 

Sublimes. 

Sublimes. 

Decomposes. 

Oil addition of acids, , , 

Combines to 

Combines to 

Combines to 


form salts. 

form salts, 

form salts. 
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§ 653. Methylamine, CH 3 NH ? . — This is a gas at ordinary temperatures ; it is 
inflammable, and possesses a strong ammoniacal odour, It has been found in herring 
brine, and is present in cultures of the comma bacillus ; it lias also been found in 
poisonous sausages, but it is not in itself toxic. 

It forms crystalline salts, such as, for example, the hydrochloride, the platino- 
chloride (Pt=41‘4 per cent.), and the aurochloride (Au = 53'3 per cent, when anhy- 
drous). The best salt for estimation is the platinoehloride, insoluble in absolute 
alcohol and ether. 

§654. Dimethylaniine, (CH 3 ). 2 'N'H. — Dimetliylamine also is a gas; it has been 
found in various putrefying substances. It forms crystalline salts, sneh as the 
hydrochloride, the platinoehloride (Pt— 39'1 per cent.), and an aurochloride (Au = 
51 ‘35 per cent. ). It is not poisonous. 

In Brieger’s process it may occur in both the mercuric chloride precipitate and 
filtrate. From cadaveriue it may be separated by platinum chloride; cadaverine 
platinoehloride is with difficulty soluble in cold water and crystallises from hot water, 
while dimetliylamine remains in the mother liquor. From choline it may be 
separated by reerystallising the mercuric precipitate from hot water. From methyl, 
amine it may be separated by converting into chloride and extracting with 
chloroform ; dimethylaniine chloride is soluble, methylamine chloride insoluble in 
chloroform. 

§ 655. Trimethylamine, (CH^N. — Trimethylamine in the free state is an 
alkaline liquid with a fishy odour, boiling at 9 '3°; it is not toxic save in large 
doset. 

It occurs in a great variety of plants, and is also found in putrefying substances. 
It is a product of the decomposition of choline, betaine, and neuridine, when these 
substances are distilled with potash, 

In Brieger’s process, if an aqueous solution of mercuric chloride is used as the 
precipitant, trimethylamine (if present) will be almost entirely in the filtrate, from 
which it eau be obtaiued by getting rid of the mercury by SH 2 , filtering, evaporating 
to dryness, extracting with alcohol, and precipitating the alcoholic solution with 
platiuic chloride. It forms crystalline salts with hydrochloric acid, platinum 
chloride, aud gold chloride ; the platinum double salt yields 37 per cent, of 
platinum, the gold salt 49‘4 per cent. gold. The gold salt is easily soluble, and 
this property permits its separation from choline, which forms a compound with 
gold chloride soluble with difficulty, 

§ 656. Ethylamine, O 5 H 3 NH,. — Ethylamine is in the free state an ammoniacal 
liquid boiliug at 18 '7°. It is a strong base, miscible with water in every proportion. 
It has baenfouud in putrefying yeast, in wheat flour, and in the distillation of beet 
sugar residues. It is not poisonous ; the hydrochloride forms deliquescent plates 
melting at 76°-80° ; the piutiuoehloride contains 39 '1 percent, of platinum, and 
the gold salt 51 ‘35 per cent, of gold, In other words, the same percentages as the 
corresponding salts of diiucthylamiue, with which, however, it cannot be confused 

§ 657. Diethyl amine, (C ? 1I 5 )„NH, is au inflammable liquid boiling at 57‘5°; it 
forms salts with hydrochloric acid, platinum and gold, etc. ; the gold salt contains 
47‘71 pier cent, of gold, and its melting-point is about 165°. 

§ 658. Triethylamine, (C 2 H 4 ) 3 N, is an oily base but slightly soluble iu water, and 
boiling at 89°-89‘5°. It gives no precipitate with mercuric chloride in aqueous 
solntton ; it forms a platinoehloride containing 31 '8 per cent, of platinum. It has 
been found in putrid iish, 

§ 659. Propylamine. — There are two propylamiues ; one, normal propylamine, 
CH 3 CH 2 . CHj.NH,, boiliug at 47°-48°, and iso -propylamine, (CH.^CH. NHj, 
boiling at 31 ‘5°; both arc ammoniacal fish-like smelling liquids. The hydro- 
chloride of normal propylamine melts at 155°- 158°, aud iso -propylamine chloride 
melts at 139‘5°. 
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It has been found in cultures of human faces on gelatin. None of the above 
amines are sufficiently active in properties to be poisonous in the small quantities 
likely to be produced in .decomposing foods. 

§ 660. Iso-amylamine, (CH 2 ). i CH.CH 2 ,CH 2 .NH 2 , is a colourless alkaline liquid 
possessing a peculiar odour. It boils at 97°-98t It forms a deliquescent hydro' 
chloride. The platinochloride crystallises in golden yellow plates. 

IsO'amylamine occurs in the putrefaction of yeast, and is a normal constituent of 
eoddiver oil. It is intensely poisonous, producing convulsions. 

DIAMINES. 

§ 661. Bate of Formation of Diamines, — Diamines are formed in 
putrefactive processes generally where there is abundance of nitrogen. 
Garcia* has attempted to trace the rates at which they are formed by 
allowing meat extracts to decompose, precipitating by benzoyl chloride 
(see p. 509) the dibenzoyl compound, and weighing ; the following were 


the results obtained : — 


Time. 

Weignt of benzoyl compound. 

24 hours, . 

. . . . 0'56grra 

2 days, 

. . . . 075 „ 

3 days, 

. . . . 0-82 „ 

4 days, 

. . . . 073 „ 

5 days, 

. . . . 0'57 ,, 

6 days, 

. . . . 0'58 ,, 


§ 662. Ethylidenediamine, — Brieger found in putrid haddock, in the filtrate from 
the mercury chloride precipitate:— gadinine, ueuridine, a base isomeric with 
ethylenediamine C 5 H B N 5 (hut which Brieger subsequently more or less satis' 
factorily identified with ethylidenediamine), muscarine, and tiiethylamiue J these 
bases were separated as follows: — 

The filtrate from the mercury chloride solution was freed from mercury by SH 2 , 
evaporated to a syrup, and then extracted with alcohol. From the alcoholic solu' 
tion platinum chloride precipitated neuridine ; this was filtered off, the filtrate freed 
from alcohol aud platinum, and the aqueous solution concentrated to a small volume 
and precipitated with an aqueous solution of platinum chloride; this precipitated 
ethylidene platinum chloride, The mother liquor from this precipitate was concern 
trated on the wato-bath, and, on cooling, the platinochloride of muscarine crystal- 
lised out From the mother liquor (freed from the crystals), on standing in a 
desiccator, the gadinine double salt crystallised out, and from the mother liquor 
(freed from gadinine after removal of the platinum by SH 2 ) distillation with KHO 
recovered trimethylamiue. 

From the platinochloride of ethylenediamine, the chloride can be obtained by 
treating with SH 2 , filtering, and evaporating ; by distilling the chloride with a 
caustic alkali, the free base can be obtained by distillation. 

Ethylidenediamine is isomeric with ethylarediamine, but differs from it in the 
following properties : — ethylidenediamine is poisonous, ethylenediamine is non- 
poisonous, 

Ethylenediamine forms a platinochloride almost insoluble in hot water, while the 
ethylidene salt is more easily soluble, The properties of the gold salts are similar, 
ethylarediamine forming a difficultly soluble gold salt, ethylidene a rather soluble 
gold salt, 

* Zeit.f. physiol. Chernie , xvii. 6 . 571. 
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Ethylidenediamine forms a hydrochloride, CoH 8 N 2 2HC1, crystallising j n , . 
glistening needles, insoluble in absolute alcohol, rather soluble in xvater 
hydrochloride gives precipitates in aqueous solution with phospho-ruolvbdic ■ 3 
phospho'antimonic acid, and potassium bismuth iodide j the latter is in r u 
red plates. lom of 

The platinochloride, CyisNaSHCl.PtCl (Pt=53'6 per cent), is y le , 

yellow plates, not very soluble in cold -water. 

Ethylidenediamine, when subcutaneously injected into guinea.pio- s 
produces an abundant secretion from the mucous membranes of the 
nose, mouth and eyes. The pupils dilate, and the eyeballs project 
There is acute dyspnoea; death takes place after some twenty. four 
hours, and the heart is stopped in diastole. 

Trimethylenediarnine is believed to have been isolated by IBrieeer 
from cultivations in beef broth of the comma bacillus. 

It occurs in small quantify in the mercuric chloride precipitate and 
is isolated by decomposing the precipitate with SH^ eva-poratino- the 
filtrate from the mercury sulphide to dryness, taking up the residue 
with absolute alcohol, and precipitating by an alcoholic solution of 
sodium picrate. The precipitate contains the picrate of trioiethvlene- 
diamine, mixed with the picrates of cadaverine and creatinine. Coda* 
verine picrate is insoluble in boiling absolute alcohol, the other picrates 
soluble; so the mixed picrates are boiled with absolute alcohol, and the 
insoluble cadaverine filtered off. Next, the picrates of ezreatinine and 
trimethylenediamine are freed from alcohol, the solution in water 
acidified with hydrochloric acid, the picric acid shaken out t>y treatment 
with ether, and then the solution precipitated with plat in arm chloride ; 
the platinochloride of trimethylenediamine is not very soluble, while 
creatinine easily dissolves; so that separation is by this means fairly 
easy, 

It also gives a difficultly soluble salt with gold chloride- 

The picrate consists of felted needles, melting-point 193°. Phospho- 
molybdic acid gives a precipitate crystallising in plates ; potassium 
bismuth iodide gives dark-coloured needles, 

It produces in animals violent convulsions and muscular tremors ; 
but the substance has hitherto been obtained in too small a quantity 
to be certain as to its identification and properties. 

§663. Neuridine, C 5 H 14 N 2 . — Neuridine ig a diamine, and is apparently 
the most common basic product of putrefaction ; it has been, obtained 
from the putrefaction of gelatin, of horseflesh, of fish, and from the yelk 
of eggs. It is usually accompanied by choline, from which it can be 
separated by converting the bases iuto hydrochlorides, choline hydro- 
chloride being soluble in absolute alcohol, neuridine scarcely so. Brieger 
isolated ueuridine from putrid flesh by precipitating the watery extract 
with mercuric chloride, He decomposed the mercury precipitate with 
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SH,, and, after having got rid of the sulphide of mercury by filtration, 
he concentrated the liquid to a small bulk, when a substance separated 
iu crystals similar in form to urea ; this was purified by recrystallisation 
from absolute alcohol, and converted into the platinum salt. 

Another method which may be used for tire separation and purification 
of neuridine is to dissolve it in alcohol and precipitate with an alcoholic 
solution of picric acid ; the picrate may be decomposed by treatment with 
dilute mineral acid, and the picric acid removed by shaking with ether. 

The free base has a strong seminal odour. It is gelatinous, and has 
not been crystallised. It is insoluble in ether and in absolute alcohol, 
and not readily soluble in amyl alcohol. It gives white precipitates with 
mercuric chloride, neutral and basic lead acetates. It does not give 
Hofmann’s isonitrile reaction. When distilled with a fixed alkali, it 
yields di- and trimethylamiue 

The hydrochloride, C J H 14 N,2HC1, crystallises iu long needles, which 
are insoluble in absolute alcohol, ether, benzol, chloroform, petroleum ; 
ether, and amyl alcohol ; but the hydrochloride is very soluble in water 
and in dilute alcohol, 

The hydrochloride gives no precipitate with mercnric chloride, potass- 
mercuric iodide, potass cadmium iodide, iodine and iodide of potassium, 
tannic acid, ferricyanide of potassium, ferric chloride, and it does not 
give any colour with Frohde’s reagent. 

On the other hand, phosphotungstie acid, phospho-molybdic acid, 
picric acid, potass-bismuth iodide, platinum chloride, and gold chloride 
all give precipitates. 

Neuridine hydrochloride is capable of sublimation, and at the same 
time it is decomposed, for the sublimed needles show red or blue colours. 

Neuridine platinochloride, C 5 II 14 N 2 2HCl.PtCl 4 , yields 38 T percent, 
of platinum ; it crystallises in flat needles, soluble in water, from which 
it is precipitated on the addition of alcohol. 

The aurochloride has the formula C 5 H 14 N 2 2HCT2AuCl 3 ; it is rather 
insoluble in cold water, and crystallises in bunches of yellow needles. 
On ignition, it should yield 50 '3 per cent, of gold. 

The picrate, C 5 H h N 2 ,2C 0 H 2 (NO 2 ) 3 OH, is almost insoluble in cold 
water, and crystallises in needles. It is not fusible, but decomposes 
at about 230°. 

Neuridine is not poisonous. 

§ 664. Cadaverine (Peutamethylenediamine, C 5 H 14 N 2 = NH 2 CH 2 — 
CH 2 — CH 2 — CHjCHjNH,) is formed in putrid animal matters, and in 
cultures of the genus Spirillum. It has been found in the urine and 
faeces incases of cystinuria, and Roos* has separated it by the benzoyl- 
chloride method from the faeces of a patient suffering from tertian ague. 

* Zeit . f physiol , Chemie , xvL, 1892. 
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It may be formed synthetically by dissolving trimethylcyanide in 
absolute alcohol, and then reducing by sodiiun (Mendius’ reaction). 

Cadaverine is a thick, clear, syrupy liquid, with a peculiar coniine- as 
well as a semen-like odour. It absorbs eagerly C0 2 from the ah', and 
ultimately is converted into a solid crystalline mass. It volatilises with 
the steam when boiled with water, and may be distilled in the presence 
even of the caustic alkalies and the alkaline earth without decomposition. 
It does not give oil of mustard when treated with CS 2 and mercuric 
chloride, nor does it give with chloroform and alcoholic potash, carbyl- 
amine (isouitrile). If dehydrated by KHO, it boils at from 115“— 120° 
( Brieger ).* 

When cadaverine is treated with methyl iodide, two atoms of hydrogen 
may be replaced with methyl, forming the base C 5 H 12 (CH 3 ) 2 N 2 ; the 
platinochloride of this last base crystallises hi long red needles. 

Cadaverine forms well-defined crystalline salts as well as compounds 
with metals. 

Cadaverine hydrochloride, C 5 H 14 N 2 2HC1, crystallises in needles which 
are deliquescent, or it may be obtained from an alcoholic solution in 
plates. The crystals are insoluble in absolute alcohol, but readily 
soluble in 96 per cent, alcohol, Putrescme hydrochloride, on the other 
hand, is with difficulty soluble in alcohol of that strength ; hence the 
two hydrochlorides can be separated by taking advantage of their differ- 
ence in solubility in 96 per cent, alcohol ; but the better method for 
separation is the benroyl-chloride process (p. 509). On dry distillation- 
cadaverine hydrochloride decomposes into NH 3 ,HC1 and piperidine 
C 5 H U N, The compound with mercury chloride — C 5 H I4 N,2HCl,4HgCl. 3 
(Hg = 63'54 per ceut.) ; melting-point, 214°-216° — is insoluble in alcohol 
and in cold water ; this property is also useful to separate it from putres- 
cine, the mercury compound of which is soluble in cold water. The platino- 
chlorkle, C 4 H 14 N ? 2HC'l, PtCl, (Pt = 38'08 per cent.), crystallises in dirty 
red needles ; but, by repeated crystallisation, it may be obtained in clear 
chrome yellow, short, octahedral prisms ; it is soluble with difficulty in 
hot water, insoluble in cold water. The salt decomposes at 235°-236°. 

The aurochloride — C 5 H 14 N ? 2HC12 AuC 1 (Au=61'5 per cent.), melt- 
ing-point 188° — crystallises partly in cubes and partly in needles, and 
is easily soluble in water. 

Other salts are the picratc, C 6 H 14 N 2 2C f ,H 2 (N0 2 ) 3 OH, melting-point 
221° with decomposition ; with difficulty soluble in cold, but dissolving 
in hot water, and insoluble in absolute alcohol. There are also a neutral 
oxalate, O 0 H 14 N } , H. J (J. i O 4 + 21i 2 0, melting-point 160° ; and an acid oxalate, 
Cj 1 H 14 N 2 2H 2 0 2 0 4 + H 2 0, melting-point 143° with decomposition; both 
these oxalates are insoluble In absolute alcohol. 

* Briegor has also given to the pure base a boiling-point of 175°. 
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Cadaverine dibeuzoyl — CtH^NHCOCgHj^, melting-point 129 -i30 

crystallises in needles and plates, soluble in aleoliol and slightly 

soluble in ether, insoluble in water'. 

It is not acted on by hot dilute acids or alkalies, and when dissolved 
iu concentrated hydrochloric acid and alcohol it is, only after prolonged 
boiling, decomposed into benzoic acid and the free base. The benzoic 
acid after getting rid of the alcohol by evaporation, can be removed by 
shaking up with ether ; then the hydrochloride can be decomposed byan 
alkali aud the free base obtained, or the platinum salt of cadaverine may 
be formed by precipitation with platinum chloride Should cadaverine 
and putrescine be in the same liquid, the dibeuzoyl compounds may be 
separated as follows; — the crystalline precipitate is collected on a 
filter, washed with water until the filtrate runs clear, and then dissolved 
in warm alcohol ; this solution is poured into twenty times its volume of 
ether and allowed to stand ; after a short time crystals form of the 
putrescine compound, which are far less soluble in alcohol than those of 
cadaverine dibenzoyl ; these crystals are filtered off and repeatedly 
crystallised from alcohol until the melting-point is about 175°-176°. 
The filtrate contains the cadaverine compound ; this latter is recovered 
by evaporating off the ether-alcohol. 

§ 665. Putrescine— Tetramethylenediamine, 

c 4 h 12 n ? = nh»ch 2 ch 2 ch 2 ch ? nh 2 . 

The free base is a clear liquid, with a semen-like odour, boiling-point 
135°, It is a common base in putrefying animal substances, and also 
occurs in the urine in cases of cystinuria. It can be obtaiued syntheti- 
cally by reducing ethylene cyanide by the action of sodium in absolute 
alcohol, 

The best method of separating putrescine is the benzoyl chloride 
method already given. 

Putrescine forms crystalline salts, of which the following are the 
most important : — 

Putrescine hydrochloride, C 4 H i 2 N 2 2HC1, forms long colourless 
needles, insoluble in absolute alcohol, easily soluble in water. 

The platinochloride, C 4 H 12 N 2 2HCl.PtCl 4 (Pt = 39'2 per cent.), is 
with difficulty soluble in cold water. When pure, the salt is in the 
form of six-sided plates. 

The aurochloride, C 4 H l2 N,2HC1.2AuCl 3 + 2H 2 0 (Au = 51'3per cent.), 
is insoluble in cold water, in contradistinction to cadaverine aurochloride, 
which easily dissolves. 

The picrate, C 4 H 12 K 2 2C(,H 2 (N0 2 ) 3 0H, is a salt of difficult solubility. 
It crystallises iu yellow plates, It browns at 230°, and melts with 
evolution of gas at 250°. 
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Dibenzoylputrescine, C 4 H 8 (NHCOC 6 H 5 ) 2) forms silky pia tes or 1 , 

needles, melting-point 175°-176“. By boiling it for tw elve hours with 
alcohol and strong hydrochloric acid the compound maybe broken up ‘u’-o 
hydrochloride of putrescine and free benzoic acid. As stated before it 
is less soluble in alcohol than the corresponding compound of cadaveric e 
Putrescine is not poisonous. On the other hand, by repeated treat- 
ment with methyl iodide, it takes up four methyl radicals, and the 
tetramethyl compound, C 4 H S (CH 3 ) 4 N 2 , produces symptoms similar to 
those of muscarine poisoning. 


/NBL, 1 

§ 666. Metaphenylenediamine, C 6 H 4 < , is a crystalline sub- 

X NBT 2 3 

stance, melting -point 63°, boiling-point 276 “-2 77°. The crystals are easily 
soluble in alcohol or ether, with difficulty in water. The least trace of 
nitrous acid strikes a yellow colour from the formation of triamidolremzol 

/NHP 

§ 667. P araphenylenediamine, C,jH 4 < , is in the form of 

V NH/ 

tabular crystals, melting-point 140°, boiling-point 267°. If this substance 
is oxidised with ferric chloride or manganese binoxide and sulphuric acid 
chinone is produced; if treated with SIJ, and ferric chloride, a violet 
sulphur-holding colouring matter, allied to methylene blue, is formed ; 
these reactions are tests for the presence of the para -com pound. 

Both these diamines are poisonous. Metaphenylenediamine pro- 
duces, in the dog, the symptoms of an aggravated influenza with con- 
tinual sneezing and hoarse cough, which, if the dose is large enough, ends 
in coma and death. Paraphenyleuediamine produces exophtlmluiia, 
the tissues of the eye undergoing complete alteration.'*' 

Both compounds, in doses of 100 mgrms, per kilo., cause more or 
less salivation, with diarrhoea. The para -com pound is more poisonous 
than the naeta -compound. So far, neither of these diamines have 
been separated with certainty from the urine of sick persons, nor from 
products of decomposition. 

§ 668. Hexamethylenediamine, C 6 H 10 jST 2 , — Hexamethyleuediamine 
has been found by A. Garcia f in a putrefying mixture of horse-flesh 
and pancreas. 

§ 669. Diethylenedi amine, C 4 H 10 H 2 , is a crystalline substance, 
melting-point 104°, boiling-point 145°-146°. After melting, it solidifies 
on cooling, forming a hard crystalline mass. It is extremely soluble in 
water, and is deposited from alcohol in large transparent crystals. A 
technical product called "spermin piperazidin ” or "piperazine’ has 
been found by A. W. v. Hoffmann } to be identical with diethylene- 

* Ccmptcs Rend., evil. 533-535. t Zcit.f p7iysiol. Chemie, xvii. 543-555. 

X Bcr., xxiii. 3297-3303. 
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diamine. The hydrochloride crystallises in colourless needles, insoluble 
in alcohol, readily soluble in water. The platinochloride, C 4 H l0 N 2 H 2 
PtCl 0 , is in small yellow needles, and is fairly easily soluble in hot 
water, but dissolves but slightly in hot alcohol. The mercuro-chloride, 
C 4 H 10 N.,H 2 HgCl 4 , crystallises in concentrically grouped needles, and is 
readily soluble in hot water, but is reprecipitated on adding alcohol. 
The picrate, C 4 H 10 N 2 , C c H 2 (N0 2 ) 8 0H, crystallises from water in yellow 
needles, almost insoluble in alcohol. 1 '' 

§ 670. Mydaleine is a poisonous base discovered byBrieger in putrid 
animal matters. It is probably a diamine, but has not been obtained in 
sufficient quantity for accurate chemical study. The platinochloride is 
extremely soluble in water, and only comes down from an absolute alcohol 
solution. It has been obtained in a crystalline form, giving on analysis 
38'74 per cent, of platinum, C, 10‘83 per cent., H. 3'23 per cent. 

Mydaleine is very poisonous. Small quantities injected into guinea- 
pigs cause dilatation of the pupil, an abundant secretion from the nose 
and eyes, and a rise of temperature. Fifty mgrms. cause death. The 
post-mortem appearances are not distinctive ; the heart is arrested in 
diastole; the intestines and bladder are contracted. In cats it causes 
profuse diarrhcea and vomiting. 

§ 67 1, Guanidine. — Guanidine may be considered to have a relation 
to urea ; for, if the oxygen of urea is replaced by the imide group NH, 
guanidine originates thus : — 

/NH 2 /NHL 

Urea = 0=C< Guanidine = NH0< 

X NH, \Cv H., 

Hence guanidine from its structural formula is a carbodiamidimide. 
Guftuidiue may be formed by the action of oxidising agents, such as 
potassic chlorate and hydrochloric acid, on guanine ; or by hearing 
amide cyanide with ammonium chloride, and so forming guanidine 
chloride. It is also produced from the oxidation of albumin. When 
boiled with baryta- water it decomposes into urea and ammonia. It com- 
bines with acids to form salts ; the gold salt, CH 5 N 3 HC1 ,AuC 1 3 , is in the 
form of long yellow needles, with difficulty soluble in water. Guanidine 
nitrate, CH 5 N 3 HN0 3 , is also almost insoluble in cold water and similar 
to urea nitrate. By dissolving equivalent parts of phenol and guanidine 
in hot alcohol, triplienylguanidine is formed ; on adding picric acid to a 
solution of triplienylguanidine, phenylguanidine picrate, CH 2 Ph 3 N 3 C 0 H 2 
(NO 2 ) 3 0H, is fonned, and falls as a precipitate of slender needles, melting- 
point 208° ; this picrate is very slightly soluble, 1 part dissolving in 
12,220 parts of water at 15°, Guanidine is poisonous.! 

* Sieber, J-, Ber., xxiii, 326-327. 
t 0. Prcliuger, Monatsb,, xiii. 97-100. 
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A method of separating guanidine from urine has been worked out by 
Gergers and Baumann.'*' The principle of the method is based upon 
the fact that guanidine is precipitated by mercurous oxide. The 
urine is precipitated by hydrate of baryta, the precipitate filtered 
off, the alkaline filtrate neutralised by hydrochloric acid, and the 
neutral filtrate evaporated to a syrup on the water-bath ; the syrup 
is exhausted by absolute alcohol, and the alcoholic solution filtered ; 
this filtrate is freed from alcohol by distillation, the alcohol-free 
residue dissolved in a little water, shaken up with freshly precipi- 
tated mercury oxide, and allowed to stand for two days in a warm 
place ; the precipitate formed is collected, acidulated with HC1 and 
treated with SH,, ; the mercury sulphide thus obtained is separated by 
filtration, the filtrate evaporated, and the residue dissolved in absolute 
alcohol. This solution is precipitated by platinum chloride, filtered, 
separated from any platinum ammonium salt, and evaporated to a small 
volume. After long standing the guanidine salt crystallises out. The 
best method to identify it appears to be, to ascertain the absence of 
ammonia and of urea, aud then to gently warm the supposed guanidine 
with an alkali, which breaks guanidine up into ammonia and urea, 
accordiug to the following equation : 

NH C(NH 2 ) 2 + H 2 0 = NH 3 + CO(NH,) ? . 

Tire physiological effects of guanidine are as follows : — 

A centigrm, of guanidine salt injected into the lymph sac in the back 
of frogs produces, after a few minutes, muscular convulsions: first, there 
are fibrillar twitchiugs of the muscles of the back ; next, these spread 
generally so that the whole surface of the frog seems to be in a wave-like 
motion, Irritation of the limbs produces tetanus. There is, at the same 
time, increased secretion from the skin. The breathing is irregular, In 
large doses there is paralysis and death, The heart is fouud arrested in 
diastole. The fatal dose for a frog is 50 mgrms. ; but 1 mgrm, will pro- 
duce symptoms of illness. In dogs there is paralysis, convulsions, 
vomiting, and difficult breathing, 

NH.CHj 

§ 672. Methylguanidine, N=HC<j — Methylguanidine has 

X NH ? 

been isolated by Brieger from putrefying horse-flesh ; it has also been found 
in impure cultures in beef broth of Finkler and Pilot's Spirillum Finlderi. 
Bocklisch isolated it, working with Bricger’s process, from the mercuric 
chloride precipitate, after removal of the mercury and concentration of 
the filtrate, by adding a solutiou of sodium picrate. The precipitate 
contained the picrate of cadaveriue, creatinine, and methylguanidine ; 
cadaverine picrate, insoluble in boiling absolute alcohol, was separated 
* Pfluger’s Archiv, xii. 205. 
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by filtering from a solution of the pierates of the bases in boiling absolute 
alcohol ; the alcohol was evaporated from the filtrate and the residue 
taken up with water. From this aqueous solution the picric acid was 
removed and then the solution precipitated with gold chloride ; methyl- 
guanidine was precipitated, while creatinine remained in solution. 

Methylguanidine aurochloride, C 2 H 7 N 3 HC1 .AuC 1 3 (Au>=47‘7 per 
cent.), forms rhombic crystals easily soluble in alcohol and ether; 
melting-point 198°. The hydrochloride, C 2 H 7 N 3 HC1, crystallises in 
needles insoluble in alcohol. The picrate, 3 CflH 2 (H0 2 ) 3 0H, 

comes down at first as a resinous mass, but, after boiling in water, is 
found to be in the form of needles soluble in hot absolute alcohol ; 
melting-point 192°. The symptoms produced by methylguanidine are 
rapid respiration, dilatation of the pupils, paralysis, and death, preceded 
by convulsions. The heart is found arrested in diastole. 

§ 673. Saprine, C 5 H 14 N 2 . — Saprine is isomeric with eadaverine and 
neuridine ; it was found by Brieger in human livers and spleens after 
three weeks’ putrefaction. Saprine occurs, in Brieger’s process, in the 
mercury precipitate. Its reactions are very similar to those of eadaverine ; 
the main difference being that eadaverine hydrochloride gives a crystal- 
line aurochloride, saprine does not ; the platinum salt is also more 
soluble in water than the eadaverine salt. It is not poisonous. 

§ 674. The Choline Group, — The choline group consists of choline, 
neurine, betaine, and muscarine, 

All these bodies can be prepared from choline ; their relationship to 
choline can be readily gathered from the following structural formulae : — 

CH 0 OH CH a C0 2 H CH 0 OH 

r 11 1 1 

CH„ CH CH 2 CHOH 

r 1 1 1 

N(CH 3 ) 3 .OH N(CH 3 ) 3 .01I N(CH 3 ) 3 .OH N(CH 3 ). 3 .OH 

Choline. Neurine. Betaine. Alusearlne. 

Choline is a syrup with au alkaline reaction. On boiling with water, it 
decomposes into glycol and trimethylamine. It gives, when oxidised, 
muscarine, It forms salts. The hydrochloride is soluble hi water and 
absolute alcohol ; ueurine hydrochloride and betaine hydrochloride are 
but little soluble in. absolute alcohol, therefore this property can be 
utilised for their separation from choline, The platinochloride is in- 
soluble in absolute alcohol ; It melts at 225° with effervescence, and 
oontains 31'6 per cent, of platinum. 'The mereurochloride is soluble 
with difficulty even in hot water. The aurochloride (Au = 44’5 per cent.) 
Is crystalline, and with difficulty soluble in cold water ; but is soluble 
in hot water and in alcohol ; melting-point 264° with decomposition. 

Choline is only poisonous in large doses, 
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§ 675. Seurine (Trim ethyl* vinyh ammonium hydrate), C.,H 3 N(CHA 
OIL— Neurine is one of the products of decomposition of choline. It 'k 
poisonous, and has been separated by Brieger and others from decom 
posing animal matters. In Bri.eger’s process, neurine, if present will 
be for the most part in the mercuric chloride precipitate, and Lome 
portion will also be in the filtrate. The mercury precipitate is decom- 
posed by SH 2 , the mercury sulphide filtered off, and the filtrate, con- 
centrated, treated with absolute aloohol and then precipitated bv 
platinum chloride. It is usually accompanied by choline; the p latino- 
chloride of choline is readily soluble in water, neurine platino chloride 
is soluble with difficulty ; this property is taken advantage of, and the 
platinochloride crystallised from water until pure. Neurine has a 
strong alkaline reaction. 

Neurine chloride, C 5 H 12 N.C1, crystallises in fine needles. The pla- 
tinochloride, (C 5 H 1 oNCl) 2 PtCl 4 (Pt=33‘6 per cent.), crystallises in 
octahedra. The salt is soluble with difficulty in hot water. 

The a uro chloride, C,,H i2 NC1AuC 1 3 (Au = 46' 37 per cent.), forms Hat 
prisms, which, according to Brieger, are soluble with difficulty in hot 
water. 

Neurine is intensely poisonous, the symptoms being similar to those 
produced by muscarine. 

Atropine is an antidote to neurine, relieving in suitable doses the 
effects, and even rendering animals temporarily immune against the 
toxic action of neurine. 

When a fatal dose of neurine is Injected into a frog there is in n 
short time paralysis of the extremities. The respiration stops first, and 
afterwards the heart, the latter in diastole. 

The symptoms in rabbits are profuse nasal secretion and salivation 
with paralysis, as in frogs. Applied to the eye, neurine causes con- 
traction of the pupil ; to a less degree the same effect is produced by 
the ingestion of neurine. 

Trimethyloxyammoniiim hydrochloride causes similar symptoms to 
neurine, but the action is less powerful, — V. Cervello, Arch. Ital. Biol., 
vh. 232-23 3. 

§ 67 6. Betaine, — Betaine may be separated from a solution in alcohol 
as large deliquescent crystals ; the reaction of the crystals is neutral. 
Distilled with potash, trimethylamine and other bases are formed, 

Betaine chloride, C 6 H 12 N0 2 C1, forms plates permanent in the air 
and insoluble i a absolute alcohol, A solution of the chloride in water 
gives, with potassium mercuric iodide, a light yellow or whitish yellow 
precipitate, soluble in excess; but on rubbing the sides of the tube 
with a glass rod, the oily precipitate crystallises as yellow needles ; 
probably this is characteristic. 
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The aurochloride (Au = 43 T per cent.) forms fine cholesterine plates, 
soluble in water; melting-point 209°. Betaine is not poisonous. 

§ 677. Peptotoxine. — Brieger submitted to the action of freshgastric 
juice moist fibrin for twenty-four hours at blood heat. The liquid was 
evaporated to a syrup and boiled with ethylic alcohol, the ethylic 
alcohol was evaporated, the residue digested with amylic alcohol, and 
the amyl alcohol in its turn evaporated to dryness; the residue was a 
brown amorphous mass that was poisonous. It was further purified by 
treating the extract with neutral lead acetate and then filtered ; the 
filtrate was freed from lead by STI, and treated with ether, the ethereal 
extract being then separated and evaporated to dryness ; this last residue 
was taken up with amyl alcohol, the alcohol evaporated to dryness, and 
the residue finally taken up with water and filtered. The filtrate is 
poisonous. The poisonous substance, to which Brieger gave the pro- 
visional name of peptotoxine, is a very stable substance, resisting 
the action of a boiling temperature, and even the action of strong alka- 
lies. It gives precipitates with alkaloidal group reagents, and strikes a 
blue colour with ferric chloride and ferricyanide of potassium, The 
most characteristic test seems to be its action with Millon’s reagent 
(a solution of mercury nitrate in nitric acid containing nitrous acid) ; 
this gives a white precipitate which, on boiling, becomes intensely red. 

It is poisonous, killing rabbits in doses of 0'5 grm. per kilogrm., with 
symptoms of paralysis and coma, The nature of this substance requires 
further elucidation, 

§ 678. Pyridine Alkaloid from the Cuttle Pish.— 0. de Ooniuck* 
has obtained, by Gautier’s process, an alkaloid from the cuttle fish, of 
the formula C S H U N, in the form of a yellow, mobile, strongly odorous 
liquid, very soluble iu alcohol, ether, and acetone, boiling-point 202°. 
It quickly absorbs moisture from the air. It forms two mercuric 
chlorides, one of which has the formula (C s H 11 N,HC)) 2 HgG'l 2 ; this 
compound crystallises in small white needles, slightly soluble iit water 
and dilute alcohol, but insoluble in absolute alcohol, and decomposing 
when exposed to moist air. The other salt is a sesqui-salt, forming 
long yellowish needles, insoluble in ordinary solvents, and decomposing 
when exposed to moist air-. The alkaloid also forms deliquescent very 
soluble salts with hydrochloric and hydrobromic acids. A platinum salt 
is also formed, (C 8 H ri N),H 2 PtCl 6 ; it is of a deep yellow colour, almost 
insoluble in cold, but soluble in hot water ; it is decomposed by boiling 
water, with the formation of a very insoluble compound in the shape 
of a brown powder, (C s H u N) 2 PtCl 4 . Coninck’s alkaloid, on oxidation 
with potassic permanganate, yields a gummy acid ; this acid, on purify- 
ing it by conversion into a potassium salt and then into a cupric salt, was 
* Comptes Send. , evi, 858, 861, 1604-1605 ; cviii. 58-59, 809-810. 
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found to be nicotinic acid ; so that the alkaloid is undoubtedly a pyri- 
dine compound ; indeed, the acid, distilled with lime, yields pyridine. 

§ 679. Poisons connected with Tetanus. — Bvieger, in 1887, isolated 
a base of unknown composition, to which he gave the name of “ spasmo- 
toxine. ” It was produced in cultures of the tetanus bacillus in beef broth. 

Two more definite substances have also been discovered, viz., tetanine 
and tetanotoxine. 

Tetanine, C l3 H 30 N. ! 0 4 , is best isolated by the method of Kitasatoand 
Weyl.* Their method of treating broth cultures of the tetanus bacillus 
is as follows : — 

The broth is digested with 0'25 per cent. HC1 for some hours at 
460°, then rendered feebly alkaline, and distilled in a vacuum. The 
residue in the retort is then worked up for tetanine by Brieger’s 
method; the distillate contains tetanotoxine, ammonia, indol, hydrogen 
sulphide, phenol, and butyric acid. On treating the contents of the 
retort by Brieger’s mercury chloride method, the filtrate contains most 
of the poison. The mercury is remover! by SH 2 , the filtered solution 
evaporated and exhausted by absolute alcohol, in which the tetanine 
dissolves. Any ammonium chloride is thus separated, ammonium 
chloride being insoluble in absolute alcohol. The alcoholic solution, 
filtered from any insoluble substance, is next treated with an alcoholic 
solution of platinum chloride, which precipitates creatinine (and any 
ammonium salts), but does not precipitate tetanine. The platinum 
salt of tetanine may, however, be precipitated by the addition of ether 
to the alcoholic solution. The platinum salt, as obtained by precipita- 
tion from ether, is very deliquescent; it has, therefore, to be rapidly 
filtered off and dried in a vacuum, It can then be recrystallised from 
hot 96 per cent, alcohol, forming clear yellow plates ; these plates, if 
dried iu a vacuum, become with difficulty soluble in water, 

Tetanine may be obtained as a free base by treating the hydrochloride 
with freshly precipitated moist silver oxide. It forms a strongly alkaline 
yellow syrup, aud is easily decomposed in acid solution, but is permanent 
in alkaline solutions. 

The platinochloride, as before observed, is precipitable by ether from 
alcoholic solution ; it contains 28’3 per cent, of platinum, and decom- 
poses at 197°, 

The base produces tetanus, 

§ 680. Tetanotoxine may be distilled, and be found in the distillate 
with other matters, It forms an easily soluble gold salt, melting- 
point 130°, The platinochloride is soluble with difficulty, and decom- 
poses at 240". The hydrochloride is soluble in alcohol and in water, 
melting-point about 200°. 

* HciLJ, Hygiene , viii, 404. 
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Tetanatoxine produces tremor, then paralysis, and lastly, viole^ 
convulsions. 

§ 681. Mydatoxir.e, C,.H 13 N0 2 . — A base obtained by Brieger fro^ 
horse.flesh in a putrefactive condition and other substances. It is four,Q 
in the mercury chloride precipitate. The free base is an alkaline syruv 
isomeric with the base separated by Brieger from tetanus cultures. 
hydrochloride is a deliquescent syrup, not forming any compound wit^ 
gold chloride, but uniting with phospho-molybdic acid in forming 
compound crystallising in cubes. It forms a double salt with gol^ 
chloride, sparingly soluble in water. The platinochloride (Pt-— 29 p^ 
cent.) is very soluble in water, but not soluble in alcohol ; melting-poinj. 
193° with decomposition. 

The base in large doses is poisonous, causing lachrymation, diarrhea^ 
and convulsions, 

§ 682. The Poison of Mussels. — Annually a certain number 
people are seriously affected after eating mussels. One of the mos^ 
thoroughly investigated series of cases occurred among the stevedore^ 
in 1885,* at Wilhelmhafen. A number of the men collected mussel s 
adhering to some of the vessels in the harbour, took them home, boiled 
them, and they and their families partook of the same. There were nine- 
teen serious cases ot illuess, of which four died. The symptoms occurred 
a few hours after the meal, There was a choking sensation, burning 
and tin ling of the hands and feet. The speech was difficult, and there 
was vomiting and diarrhoea, The post-mortem appearances of the fatal 
cases showed intense congestion of the mucous membrane of the intes- 
tines, and haemorrhagic spots in the liver. 

Various views have been advanced as to the cause of mussel prisoning, 
but it is still obscure ; from the experiments of Schniidtmann t and otliers 
it would appear that the mussel derives its toxic properties from the water, 
for poisonous mussels taken from stagnant waters and placed in pure sea, 
water lose tire property, to regain it when returned to the same water. 

Salkowski found that the poison could be extracted by alcohol, and 
could be heated up to 110° without loss of power, but warm sodic carbon - 
ate solution destroyed the poison ; J he found that the alcoholic solution, 
of the nonqioisonous mussels was quite clear and colourless ; on the other- 
hand, the liver of poisonous mussels yields a yellow colouriug matterr 
which is changed by concentrated nitric acid into a grass-green colour, 

Brieger isolated a substance to which he ascribed the formula, 
C e H 15 N0 2 and named mytUotoxine ; his process was as follows : — 

The mussels were boiled with water acidified by hydrochloric acid i 
the liquid was filtered, and the filtrate evaporated to a syrup, and tl> e 

* Deutsche Med. Wochenschr., 1885. 
t Yirchow’s ArcMv, 1888. t Ibid., 1885. 
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syrup was repeatedly extracted with alcohol. It was found advisable 
to exhaust thoroughly with alcohol, otherwise much poison remained 
behind. The alcoholic solution was treated with an alcoholic solution 
of lead acetate. The filtrate was evaporated and the residue extracted 
with alcohol. The lead was removed by SH 2 . the alcohol distilled off, 
water added to the remaining syrup, and the solution decolorised by 
boiling with animal charcoal, The solution was neutralised by sodium 
carbonate, acidulated with nitric acid, and precipitated with phospho. 
molybdic acid. The precipitate was then decomposed by warming with 
a neutral solution of lead acetate, and the filtrate (after the removal of 
the lead by the action of SH 2 ) was acidulated with HC1 and evaporated 
to dryness. The residue was then extracted with absolute alcohol, 
filtered from any insoluble chloride, e.g., betaine chloride, and pre- 
cipitated by mercury chloride in alcohol. 

The free base has a most peculiar odour, which disappears on 
exposure to air ; at the same time, the poisonous properties also diminish. 
The base is destroyed by boiling with sodium carbonate ; on the other 
hand, the hydrochloride may be evaporated to dryness or be boiled 
without decomposing. 

Hie hydrochloride crystallises in tetrahedra ; the aurochloride 
crystallises in cubes (Au= 4 1 ' 66 per cent.). Its melting-point is 182°. 

Thesen, operating on large quantities of poisonous mussels by 
Briegcr’s process, however, failed to isolate mytilotoxine, and it is doubt- 
ful whether this substance, presuming it to exist, is the real poison. 

§ 683. Tyrotoxicon (Diazobenzol, C c H 6 N ? (OH)). — It appears, from 
the researches of Vaughan and others, that diazobenzol is liable to be 
formed in milk aud milk products, especially in summer time. It is 
confidently asserted by many that the summer diarrhoea of infants is 
due to this toxine; however that may be, it is well established that 
diazobenzol is a violent poison, causing sickness, diarrhoea, and, in large 
doses, an acute malady scarcely distinguishable from cholera, and which 
may end fatally. There will always be difficulty in detecting it, because 
of its instability. The following is the best process of extraction from 
milk. The milk will probably be acid from decomposition ; if so, the 
whey must be separated by dilution and filtration ; without dilution it 
may be found impracticable to get a clear filtrate. In order to keep the 
bulk down, 25 c.c. of the milk may be diluted up to 100 c.c., and, 
having obtained a clear filtrate from this 25 c.c. thus diluted, the filtrate 
is used to dilute another 25 c,c. of milk, and so on, The acid filtrate is 
neutralised by sodium carbonate, agitated with an equal volume of ether, 
allowed to stand in a stoppered vessel for twenty-four hours, and the 
ether then separated and allowed to evaporate spontaneously. The 
residue is acidified with nitric acid and then treated with a saturated 
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solution of potash, which forms a stable compound with diazolxmzol, and 
the whole concentrated on the water-bath. On cooling, the tyrotoxicou 
compound forms six-sided plates. Before the whole of this process is 
undertaken, it is well to make a preliminary test of the milk as follows : 
— A little of the ether is allowed to evaporate spontaneously. Place 
on a porcelain slab two or three drops of a mixture of equal parts of 
sulphuric and carbolic acids, and add a few drops of the aqueous solu- 
tion ; if tyrotoxicou be preseut, a yellow to orange-rod colour is pro- 
duced. A similar colour is also produced by nitrates or nitrites, which are 
not likely to be present under the circumstances, milk having mere traces 
only of nitrates or nitrites ; it may also bo due to butyric acid, which, 
in a decomposed milk, may frequently be in solution. Therefore, if a 
colour occurs, this is not absolutely conclusive; if, however, no colour 
is podneed, then it is certain that no diaxo benzol has been separated. 
That is all that can be said, for the process itself is faulty, and only 
separates a fractional part of the whole. 

§ 6S4, Toxines of Hog Cholera, — Toxin os have been isolated by F. G. 
Novy* from a cultivation of Salmon’s bacillus in pork broth. The 
fluid possessed a strong alkaline reaction. For the isolation IJricgcr's 
method was used. The moron ly chloride precipitate was amorphous and 
was cou verted iuto a chlorine- free platinum compound, to which was 
assigned the composition of O s H l ,jN, 1 PtO s . After separation of this com- 
pound, the mother liquor still contained a platinum salt, crystallising hi 
needles, and from this was obtained the chlorhydratc of a new base, to 
which was given the name of susotoxiw ; it had the composition of 
C 10 H 2fi N 2 2HCl, PtCl 4 . Susotoxinc gives general alkaloidal reactions, 
and is very poisonous. 

§ 685. Other Animal Toxines, — Besides the animal toxines which 
have been already described, there arc a number of others ; the follow- 
ing may bo mentioned: isoamylamine,f (CH : ,) 2 CH,CH 2 .CH 2 NH 2 ; 
butylainine, CH 3 CH,,CH 2 CH 2 N11„ ; dihydrolntidinc, C 7 H U N ; hydro- 
collidine, § G fi H 13 N ; C 1U H 1; ,N (a base isolated hyGuareschi and Mosso|| 
from ox-librin in a state <>f putrefaction by Gautier's method ; it forms a 
crystalline hydrochloride and an insoluble platiuochloride ; its action is 
like that of curare, lmt weaker) asclline, C^-II^N.,, isolated from cod- 
liver oil; typhotoxiue,** C 7 H l7 N0 2 , isolated from cultures of Ebcrth’s 
bacillus. So far as the piblishcd researches go, it would appear that 
other crystalline substances have been isolated from the urine, from the 

* Med. Nem, September 1890, \ Hesse, Chint. Jahrcsb., 1857, ‘10.’!. 

% Gautier, A., and Morgues, Cmupt. Send,, 1888. 

§ Gautier et Etaril, Ball , Sac. Chisn., xxxvii., 1882. 

|| Guareselii et Mosso, Les ptomaines, 1883. 

IF Gautier, A,, et Morgues, Compt. Bend,, 1888. 

** Brieger, 1885, Ptomaines, iii. 



§ 686 .] 


FOOD POISONING. 


529 


tissues, and from the secretions of patients suffering from various dis- 
eases ; the quantity obtained in each case has, however, been, under the 
most favourable circumstances, less than a gramme ; often only a few 
milligrms. To specifically declare that a few milligrms. of a substance 
is a new body, requires immense experience aud great skill ; and, even 
where those qualifications are present, this is too often impossible. 
This being so, the long list of named animal toxines, such as erysipeline, 
varioline, and others, must have their existence more fully confirmed by 
more thau one observer before they can be accepted as separate entities. 


DIVISION III.— FOOD POISONING. 

§ 686. A large number of cases of poisoning by food occur yearly ; 
some are detailed in the daily press ; the great majority are neither 
recorded in any journal, scientific or otherwise ; nor, on account of their 
slight aud passing character, is medical aid sought. The greatest portion 
of these cases are probably due to toxines existing in the food before 
being consumed ; others may be due to the action of unhealthy fermenta- 
tion in the intestinal canal itself ; in a third class of cases, it is probable 
that a true zymotic infection is conveyed and develops in the sufferer ; 
the latter class of cases, as, for instance, the Middlesbrough epidemic 
of plcuro-pneumonia, is outside the scope of this treatise. 

The development of poisonous toxines in food is largely dependent 
on the conditions uuder which food is kept, Contamination in the 
smallest degree of certain articles of food in summer time may easily 
give rise to severe ami even fatal diarrhoea, for it may be proved that 
seeding sterile broth with healthy excreta, converts the broth, on incubat- 
ing at blood heat, into a liquid which is fatal to rodents, the animals 
dying from gastroenteritis. 

Confining the attention to cases of food poisoning in which the 
symptoms have been closely analysed and described, the reader is referred 
to thirteen cases of food poisoning investigated by the medical officers 
of the Local Government Board between the years 1878 and 1891, as 
follows 1 — 

1878. A Case of Poisoning at Whitchurch from eating Eoast Pork. 
— Only the leg of pork was poisonous ; other parts were eaten without 
inj ury, Two persons died after n,l>out thirty hours’ illness. The pork 
itself, on a particular Siuiday, was innocuous ; it became poisonous 
between the Sunday aud the Monday ; the toxicity appeared to gradually 
increase, for those who ate it for dinner on the Monday were not taken 
ill for periods of from seven to nineteen hours, while two persons who 
ate of it in the cveuing were attacked four hours after eating. 

34 
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1880. The Welbeck Epidemic, due to eating cold boiled ham. Over 
fifty persons affected. Symptoms commenced in from twelve to forty- 
eight hours, 

1881. A Series of Poisoning from eating Baked Pork, Nottingham. 
— Probably the gravy was the cause and not the pork itself. Many 
persons seriously ill. One died. 

1881. Tinned American Sausage. — A mau in Chester died from 
eating tinned American sausage. I’oison found to be nuequally distri ■ 
bated in the sausage. 

1882. Poisoning at Oldham by Tinned Pigs’ Tongues. — Two families 
affected. Symptoms commenced in about four hours. All recovered, 
After a few days’ keeping it would appear that the poison had been 
decomposed, 

1882. A Family Poisoned by Roast Beef at Bishop Stortford. — 
Only a particular piece of the ribs seemed to be poisonous, the rest of 
the carcase beiug inuocuons. Symptoms did not commence until 
several hours after ingestion. 

1882. Ten different Families at Whitchurch poisoned by eating 
Brawn. — First symptoms after about four hours. 

1884. Tinned Salmon at Wolverhampton. — Five persons, two being 
children, ate of tinned salmon at Wolverhampton, All suffered more or 
less. The mother’s symptoms began after' twelve hours, and she died in 
five days ; the son died iu three days, the symptoms commencing in ten 
hours. The post-mortem signs were similar to those from phosphorus 
poisoning, viz., fatty degeneration. Mice fed on the material also 
suffered, and their organs showed a similar degeneration. 

1886. The Carlisle A Case. — At a wedding breakfast iu Carlisle 
twenty-four persons were poisoned by food which had been kept in 
an ill- ventilated cellar. The articles suspected were an American ham, 
an open game pic, aud certain jellies, The bride died. Symptoms 
commenced iu from six to forty-three hours, 

1886, Poisoning by Veal Pie at Iron Bridge. — Twelve out of fifteen 
ate of the pic ; all were taken ill in from six to twelve hours. 

1887. Poisoning at Retford of Eighty Persons from eating Pork 
Pie or Brawn. — Symptoms commenced at various intervals, from eight 
to thirty-six hours, 

1889. The Carlisle B Case, — Poisoning by pork pies or boiled suit 
pork, Number of persons attacked, about twenty-five. 

1891. Poisoning by a Meat Pie at Portsmouth. — Thirteen persons 
suffered from serious illness, Portions of the pies were poisonous to 
mice.* 

* To these may be added the Chaddertou case investigated by Dr. Durham. Thirty, 
five persons were attacked in Cliadderton, with three deaths ; twelve iu Oldham, one of 
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Tlie symptoms in all these eases were not precisely alike ; but they 
were so far identical as to show as great a similarity as in cases when a 
number of persons are poisoned by the same chemical substance. Arsenic, 
for instance, produces several types of poisoning ; so does phosphorus. 

Severe gastroenteric disturbance, with more or less affection of the 
nervous system, were the main characteristics. These symptoms com- 
menced, as before stated, at various intervals after ingestion of the food ; 
but they came on with extreme suddenness. Itigors, prostration, giddi- 
ness, offensive diarrhoea, followed by muscular twitchings, dilatation of 
the pupil, drowsiness, deepening in bad cases to coma, were commonly 
observed. The post-mortem appearances were those of enteritis, with 
inflammatory changes iu the kidney and liver. Convalescence was slow ; 
sometimes there was desquamation of the skiu. 

In many of these cases Dr. Klein found bacteria which, under certain 
conditions, were capable of becoming pathogenic ; bnt in no case does 
there seem to have been at the same time an exhaustive chemical 
inquiry; so that, although there was evidence of a poison passing 
through the kidney, the uature of the poison still remains obscure. 

The deaths in England and Wales from unwholesome food during ten 
years were as follows : — 


DEATHS IN ENGLAND AND WALES FROM UNWHOLESOME FOOD 
DURING THE TEN YEARS 1883-1892. 
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Since 1892, deaths from foods have not beeu regularly and systemati- 
cally extracted by the Kegistrar General’s Department. A few in some 
years appear under the diarrhoaal class of disease ; the rest apparently 
have been registered in various ways ; hence no precise knowledge of 
the actual number of deaths ascribed to food is available. 

which was fatal, Dr, Durham seems to Iravc fairly well established a connection lietwee 
the outbreak and veal pies infected by the Bacillus enteritidis. A. Med . Journal , 1898 
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§ 687. German Sausage Poisoning. — A series of cases may lie packed 
out from tlie accounts of sausage poisoning in Germany, all of which 
evidently depend upon a poison producing the same symptoms, and the 
essentially distinctive mark of which is extreme dryness of the skin and 
mucous membranes, dilatation of the pupil, and paralysis of the upper 
eyelids (ptosis). In an uncertain time after eating sausages or some 
form of meat, from one to twenty-four hours, there is a general feeling 
of uneasiness, a sense of weight about the stomach, nausea, and soon 
afterwards vomiting, and very often diarrhoea. The diarrhoea is not 
severe, never assumes a choleraic form, and is unaccompanied l>y cramps 
in the muscles. After a considerable interval there is marked dryness 
of the mucous membrane (a symptom which never fails), the tongue, 
pliuryux, and the month generally seem actually destitute of secretion ; 
there is also an absence of perspiration, the nasal mucous membrane 
participates in this unnatural want of secretion, the very tears arc dried 
up. In a case related by Kruatxcr,* the patient, losing a sou, was much 
troubled, lmt wept no tear. This dryness leads to ehauges in the 
mucous membrane; it shrivels, and partly desquamates; aphthous 
swellings may occur, and a diffuse redness mid diphtheritic-like pitches 
have been noticed. There is obstinate constipation, probably from a 
dryness of the mucous lining of the Intestines, The breath has an 
unpleasant odour, there In often a croupy cough ; the urinary secretion 
alone is not decreased hut rather augmented. Swallowing may he so 
difficult as to rise to the grade of aphagia, and the tongue cannot lie 
manipulated properly, so that the speech may be almost unintelligible. 
At the same time, the motor nerves of the face arc affected, the 
patient’s sight is disturbed, he seos colours or sparks before liis 
eyes; in a few eases there has been transitory blindness, in others 
diplopia, The pupil in nearly all the cases lias been dilated, but in 
exceptional instances it lnw licoii contracted, The levator pnljwhrae 
mj\ennriv is paralysed, and the Tes tilting ptosis completes the picture 
Consciousness remains intact almost to death ; there is excessive weakness 
of the muscles, perhaps from a general paresis. If the patient lives 
long enough, he gets wretchedly thin, and dies from marasmus. Iu 
more rapidly fatal cases, death follows from respiratory paralysis, with 
or without convulsions. 

The post-mortem appearances which have been observed arc — tho 
mucous membraue of the mouth, gullet, and throat is white, hard, and 
parchment-like; that of the stomach is more or less iujcrcted with 
numerous ha-.uiorrliagcs : the kidneys arc somewhat congested, with 
some effusion of blood in the tnbuli ; the spleen is large and very full of 
blood, and the lungs arc often cedeniatous, pneumonic, or bronchitic. 

* Quoted by^Huseniiinu, l^ergiftung durch IVurstyift (Maselika’s Handbook). 
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§ 68S. Oxalic acid is widely distributed both in the free state and 
in combination with, bases throughout the vegetable kingdom, and it 
also occurs in the animal kingdom. In combination with potash it is 
found in the Geranium aeetosum (L.), Spinuda oleracea (L.), Phytolacca 
decandra (L.), Rheum palmahim (L.), Rumex acetosa, Atrojia belladonna, 
and several others ; in combination with soda in different species of 
Salsola and Salicornia ; and in combination with lime in most plants, 
especially in the roots and bark. Many lichens contain half their 
weight of calcic oxalate, and oxalic acid, either free or combined, is 
(according to the observations of Hamlet and Plowright *) present iu all 
mature lion-microscopic fungi. Crystals of oxalate of lime may be 
frequently seeu by the aid of the microscope in the cells of plants. 
According to Schmidt, f this crystallisation only takes place in the fully 
mature cell, for in actively growing cells the oxalate of Erne is entirely 
dissolved by the albumen of the plant. 

In the animal kingdom oxalic acid is always present in the intestinal 
contents of the caterpillar, In combination with lime, it is constantly 
found in the allantois liquor of the cow, the urine of man, swine, horses, 
and cats, With regard to human mine, the presence or absence of 
oxalate of lime greatly depends upon the diet, and also upon the indi- 
vidual, some persons almost invariably secreting oxalates, whatever 
their food may be. 

§ 689. Oxalic Acid, H 2 C a O 4 2H 2 O(90+ 36), specific gravity 1'64, 
occurs iu commerce in prismatic crystals, very similar to, and Hable to 
be mistaken for, either magnesic or zmcic sulphates. The crystals are 
intensely acid, easily soluble in water (1 part requiring at 14'5° 10'46 
parts of water) ; they are also soluble in 2 J- parts of cold, and readily in 
boiling, alcohol, Oxalic acid is slightly soluble in cold absolute ether ; 
but ether, although extracting most organic acids from an aqueous 
solution, will not extract oxalic acid. 

* Chen L Rows, vol, xxxvi, p, 93. 
t Ann. Ckem. Phairm ,, vol, lxi. }). 297. 
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Oxalic acid sublimes slowly at 100°, but rapidly and completely at 
150° ; the best means of obtaining tire pure anhydride is to put a 
sufficient quantity of the add into a strong flask, clamp it by suitable 
connections to a mercury pump, and sublime iu a vacuum ; in this way 
a sufficient quantity maybe sublimed a little above 100°. It is well to 
remember, not only its low subliming temperature, but also that an 
aqueous solution, if kept at 100°, loses acid ; hence all evaporating or 
heating operations must not exceei 98°, or there will be some loss. The 
effect of heat is first to drive off water, then, if continued up to about 
190°, there is decomposition into carbon monoxide, carbon dioxide, 
water, aixl formic acid ; the two reactions occurring simultaneously — 

C,H 2 0 4 =C0 2 +C0 + H 2 0. 

C 2 H 2 0 4 = C0 2 + CH 2 O a . 

Heated with sulphuric acid to 110°, tire following decomposition 
takes place : — 

H 2 C 2 0 4 =H 2 0 + C0 2 + C0. 

Oxalic acid decomposes fluor spar, the phosphates of iron, silver, zinc, 
copper, and the arseniates of iron, silver, and copper. It may be used 
to separate the sulphides of iron and manganese from the sulphides 
of zinc, cadmium, uranium, cobalt, mercury, and copper — dissolving 
the former, not the latter. Many minerals and other substances are 
also attacked by this acid. 

If a solution of oxalic acid in water is boiled with ammonio or sodio 
terchloride of gold (avoiding direct exposure to light) the gold is' 
precipitated — 

2AuCl s + 3H 2 C 2 0 4 = 6C0 2 4- 6HC1 4 Au>. 

"When black oxide of manganese (free from carbonate) is mixed with 
an oxalate, and treated with dilute sulphuric acid, the oxalic acid is 
decomposed, and carbon dioxide evolved — 

Mn0 2 + H 2 Cj 0 4 + H. 2 S0 4 =MnS0 4 +- 2H 2 0 + 2C0 2 . 

A similar reaction occurs with permanganate of potash. 

If to a solution of oxalic acid, which may be neutralised with an 
alkali, or may contain free acetic acid, a solution of acetate of lime be 
added, oxalate of lime is thrown down. This salt, important from an 
analytical point of view, it will be well to describe. 

§ 690, Oxalate of Lime (CaC,0 4 H 2 0), 1 part = '863 crystallised 
oxalic acid, This is the salt which the aualyst obtains for the quantita* 
five estimation of lime or oxalic acid ; it is not identical with that occur* 
ring in the vegetable kingdom,- the latter containing 3H 2 0, Oxalate 
of lime cannot be precipitated for quantitative purposes from solu* 
tions containing chromium, aluminium, or ferric salts, since somewhat 
soluble compounds are formed. It dissolves in solutions of magnesium 
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and manganese salts,* and citrate of soda, and is also decomposed by boil- 
ing with solutions of copper, silver, lead, cadmium, zinc, nickel, cobalt, 
strontium, or barium salts. It is insoluble in solutions of chlorides of 
the alkalies and alkaline earths, and in water, in alkaline solutions, or 
in acetic acid ; and is soluble in mineral acid only when the acid is 
strong and in considerable excess. It is unalterable in the air, and 
at 100°. When carefully and slowly ignited it may be wholly converted 
into carbonate of lime ; if the heat is not properly managed (that is, if 
excessive), caustic lime may be formed in greater or smaller quantity. 

§ G91. Use in the Arts. — Oxalic acid is chiefly used by dyers and 
calico-printers, but also by curriers and harness-makers for cleaning 
leather, by marble masons for removing iron stains, by workers in 
straw for bleaching, and it is applied to various household purposes,! 
such as the whitening of boards, the removing of iron-mould from 
linen, etc. The hydropotassic oxalate (binoxalate of potash), under 
the popular names of “ essential salt uf lemons ” and salts of sorrel, is 
used for scouring metals and for removing ink-stains from linen. 

§ 692. Hydropotassic Oxalate, Binoxalate of Potash, KHC. 2 0 4 (H 2 0), 
is a white salt, acid in reaction, soluble in water, and insoluble in 
alcohol. Heated on platinum foil it leaves potassic carbonate, which 
may be recognised by the usual tests, Its aqueous solution gives, 
with a solution of acetate or sulphate of lime, a precipitate of calcic 
oxalate insoluble in acetic acid. 

§ 693. Statistics. — Poisoning by oxalic acid is more frequent in 
England than in any other European country. In the ten years ending 
December 1903 there were registered in England aud Wales 171 
oxalic acid deaths. Of these 55 (27 males and 28 females) were 
accidental, 1 14 (65 males, 49 females) were suicidal, aud there were 
two cases of murder. Oxalic acid occupies about the tenth place amoug 
poisons arranged in order of frequency, 

§ 694. Fatal Dose. — The smallest dose of oxalic acid known to have 
destroyed life is, according to Dr, Taylor, 3 '88 grms. (60 grains) ; but 
recovery has taken place, on prompt administration of remedies, after 
eight times this quantity has been swallowed, 

With regard to oxalate of soda, or binoxalate of potash, 14*2 grms. 
(half an ounce) have been taken without fatal result, although the 
symptoms were very serious ; and it may be held that about that 
quantity would usually cause death. Oxalic acid is not used in 
medicine, save as a salt, e.g., oxalate of cerium. 

§ 695. Effects of Oxalic Acid and Oxalates on Animals. — The first 
cases of poisoning by oxalic acid occurred early in the nineteenth 

* But it is reiirecipitated unaltered by excess of alkaline oxalate, 
t A “Liquid Blue,” used for laundry purposes, contains mueh free oxalic acid. 
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century, a little mom than fifty years after its discovery. Thompson * 
^ 7 first who attempted, by experiment on anrnral hfc to e ucrdate 
tire action of the poison ; he noted tire caustrc action on the stomach 
/tt effects on the heart and nervous system, which he attributed 
a iy to the local injury through the sympathetic nerves. Orfilaf 
was the next Who took the matter up, and he made several experiments ; 

i was -Robert Christiaan + who distinctly recognised the m.po*taut 
ti ll oxalic add was toxic, quite apart from may local effects, and 
££ tee soluble oxalates, such as sodic and potassic oxalates, were 

Vi0l r 696 ° l Kobert and £ussner§ have made some extended researches 
effects of sodic oxalate on rabbits, cate, dogs, guinea-pigs, hedge. 

^ ws ete -tlre chief results of which are as follows On 
infection of’ aodic oxalate solution in moderate doses into the crrcula. 
te r the heart’s actron, and, therefore, the pulse, become arbythmic; 

tecrotic or tricrotic condition of the pnlse may last even half a 
Tay while at the same time the frequency may be uninfluenced. The 
bl<v!d*nressure also with moderate doses ts normal, and with small 
atoxiJdoses there is no slowing of the respiration. On the other land, 
toxic doses prnlyse the respiratory apparatus, and the animal dres 
alXxiated With chronic and subacute poisoning the respirahou 
becoLs slower and slower, and then ceases from paralysis of the 
respiratory muscles. The first sign of po.somng, whether' acme or 
chronic, is a sleepy condition; dogs lie quiet, making now arid then 
a noise as if dreaming, mechanical -fattens are tended N» wrih 
dulness. The hind extremities become weak, and tlrai the fore. This 
rraresis of the hind extremities, deepening into complete paralysis, 
was very constant and Striking. Take, for example (o V . at), the 
experiment in which a large cat received rn six days five suborn 
tarreous injections of 5 e.e. of a solution of sod.e oxalate (strength 
1 • 30) equalling '16 grm, ; the cat died, as it were, gradually from 
behind forwards, so that on the sixth day the hinder extremities were 
fully motionless and without feeling, The heart beat strongly. The 
temperature of the poisoned animal always sinks below the normal 
condition. Convulsions in acute poisoning are common, m chrome 
quite absent; when pxssnt in acute poisoning they are tetanic or 
strvehniedike. In all the experiments of Kobert and Kussner, lethal 
doses of soluble oxalates caused the appearance of sugar in the mine. 

J TJppmaiu [j made forty-nine experiments on dogs, m which he 


* Lmd, Med , Rep . , vol iii- p. 382. 

+ Edin, Med . and Surg. Jmm., 1823., 
§ K Exper. "Wirkuirgen der Oxalsaure,” 
j AUg. MM. central Ztg., 1877. 


t TraiU de Toxicologie. 
Yirclr. Archiv, Bd, lxxvii. S, 209. 
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administered relatively large doses by the stomach ; no poisonous effect 
followed. Emil Pfeiffer* gave a dog in three successive days '2, '5, and 
lastly 1 grm. oxalic acid with meat, but no symptoms resulted. Yet 
that oxalic acid, as sodic oxalate, is poisonous to dogs, if it once gets 
into the circulation, cannot be disputed. The accepted explanation is 
that the large amount of lime phosphates in the digestive canal of dogs 
is decomposed by oxalic acid, and the harmless lime oxalate formed. 

Oxalic acid is absorbed into the blood, and leeches have been known 
to die after their application to a person who had taken a large dose. 
Thus Christison f quotes a case related by Dr, Arrowsmith, in which 
this occurred: — ‘'They were healthy, and fastened immediately; on 
looking at them a few minutes after, I remarked that they did not seem 
to fill, and on touching one it felt hard, and instantly fell off motionless 
and dead ; the others were in the same state. They had all bitten, and 
the marks were conspicuous, but they had drawn scarcely any blood. 
They were applied about six hours after the acid had been taken.” 

§ 697. Effects of Vaporised Oxalic Acid. — Eulenberg has experi- 
mented on pigeons on the action of oxalic acid when breathed. In one 
of his experiments, ‘75 grm. of the acid was volatilised into a glass 
shade in which a pigeon had been placed ; after this had been done five 
times in two minutes, there was uneasiness, shaking of the head, and 
cough, with increased mucous secretion of the nasal membrane. On 
continuing the transmission of the vapour, after eight minutes there 
was again restlessness, shaking of the head, and cough ; after eleven 
minutes the bird fell and was convulsed. On discontinuing the sub- 
limation, it got up and moved freely, but showed respiratory irritation. 
On the second day after the experiment, it was observed that the bird’s 
note was hoarse, on the fourth day there was slowness of the heart’s 
action and refusal of food, and on the sixth day the bird was found dead. 
Examination after death showed slight injection of the cerebral mem- 
branes ; the cellular tissue in the neighbourhood of the trachea contained 
in certain places extravasations of blood, varying from the size of a pea 
to that of a penny ; the mucous membrane of the larynx and trachea 
was swollen and covered with a thick croupous layer ; the lungs were 
partially liepatised, and the pleura thickened ; the crop as well as the 
true intestines still contained some food. J 

§ 698. The Effects of Oxalic Acid and Hydropotassic Oxalate on 
Man. — The cases of oxalic poisoning have been invariably due to either 
oxalic acid or hydropotassic oxalate, the neutral sodic or potassic oxalates 
having hitherto in no instance been taken. The symptoms, and even 
the locally destructive action of oxalic acid and the acid oxalate, are so 

* Archiv tier Pharm, (3 R.), Bd, xiii, S, 544, 1878. 

t Treatise on Poisons. + Oewerbe Hyyienc, j>. 423. 
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similar that neither from clinical nor post-mortem signs could they be 
differentiated by anyone not having a previous knowledge of the case. 

The external application of oxalic acid does not appear to cause 
illness j workmen engaged in trades requiring the constant use of the 
acid often have the nails white, opaque, and brittle ; but no direct injury 
to health is on record. 

A large dose of either causes a local and a remote effect ; the local is 
very similar to that already described as belonging to the mineral acids ; 
ie. more or less destructive of the muoous membranes with which the 
acid conies in contact. The remote effects may only be developed after 
a little ; they consist essentially of a profound influence on the nervous 
system. Though more than 120 cases of oxalic acid poisoning have 
occurred since Christison wrote his treatise, his graphic description still 
holds good. “If,” says he, “a person immediately after swallowing a 
solution of a crystalline salt, which tasted purely and strongly acid, is 
attacked with burning in the throat, then with a burning in the stomach, 
vomiting, particularly of bloody matter, imperceptible pulse, and 
excessive languor, and dies in half an hour, or still more, in twenty, 
fifteen, or ten minutes, I do not know any fallacy which can interfere 
with the conclusion that oxalic acid was the cause of death. No parallel 
disease begins so abruptly, and terminates so soon ; and no other 
crystalline poison lias the same effect.” The focal action is that of a 
solvent on the mucous tissues, If from 10 to 30 g'rms. are swallowed, 
dissolved in water, there is an immediate sour taste, pain, burning in 
the stomach, and vomiting. The vomit may be colourless, greenish, or 
black, and very acid ; but there is a considerable variety in the 
symptoms. The variations may be partly explained by sayiug that, in 
oae class of cases, the remote or time toxic effects of the poison pre- 
dominate j in a second, the focal and the nervous are equally divided ; 
while in a third, the local effects seem alone to give rise to symptoms. 

In a case at Guy’s Hospital, in 1842, there was no pain, but vomiting 
and collapse, In another case which occurred in 1870, a male (aged 48) 
took 104 grans. (162 grains) ; lie had threatening collapse, cold sweats, 
white and red patches on the tongue and pharynx, difficulty in swallow- 
ing, and contracted pupils, Blood was effused from the mouth and anus ; 
on the following day there were convulsions, coma, and death thirty-six 
hours after taking the poison, In another case, there was rapid loss of 
consciousness and coma, followed by death in five hours. Death may be 
very rapid ; e.g,, in one case (Med, Times and Gaz,, 1868) it took place 
in ten minutes ; there was bleeding from the stomach, which doubtless 
accelerated the fatal result. Orfila has recorded a death almost as rapid 
from the add oxalate of pxitash ; a woman took 15 grins, j there was no 
vomiting, but she suffered from fearful cramps, and death ensued in 
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fifteen minutes. In another case, also recorded by Orfila, there was 
marked slowing of the pulse, and soporific tendencies. With both oxalic 
acid and the acid oxalate of potash, certain nervous and other sequelse 
are more or less constant, always provided time is given for their 
development. From the experiments already detailed on animals, one 
would expect some paresis of the lower extremities, but this has not 
been observed in man. There is more or less inflammation of the 
stomach, and often peritonitis ; in one case (Brit. Med. Journal , 1873) 
there were cystitis and acute congestion of the kidneys with albuminuria. 

In two cases quoted by Taylor there was a temporary loss or en- 
feeblement of voice j in one of the two the aphonia lasted for eight 
days. In the other, that of a man who had swallowed about 7 grms. 
(J oz.) of oxalic acid, his voice, naturally deep, became in nine hours 
low and feeble, and continued so for more than a month, during the 
whole of which time he suffered in addition from numbness and ting- 
ling of the legs. As a case of extreme rarity may be mentioned that 
of a young woman* * * § who took 12 grms. (185 grains) of the acid oxalate 
of potash, and on the third day died ; before death exhibiting delirium 
so active and interrse that it was described as “ madness.” 

§ 699. Physiological Action. — Putting on oue side the heal effects 
of oxalic acid, and regarding only its true toxic effects, there is some 
difference of opinion as to its action, L. Hermann considers it one of 
the heart poisons, having seen the frog’s heart arrested by subcutaneous 
doses of sodic oxalate, an observation which is borne out by the experi- 
ments of Cyon,f and not negatived by those of Kobert and Kiissner. 
The poison is believed to act on the extracardial ganglia, OnsumJ held 
at one time a peculiar theory of the action of oxalic acid, believing 
that it precipitated as oxalate of lime in the lung capillaries, causing 
embolic obstruction ; but this view is not now accepted — there are too 
many obvious objections to it, Kobert and Kiissner do not consider 
oxalic acid a heart poison, but believe that its action is directed to the 
central nervous system, as attested by sinking of the blood-pressure, the 
arhythm and retardation of the pulse, the slow breathing, the paralytic 
symptoms, and the fibrillary muscular contraction ; but, -with regard to 
the latter, Locke § has observed that a frog’s sartorius, immersed in 0'75 
sodium oxalate solution, becomes in a few seconds violently active, much 
more so than in Biederman’s normal saline solution. After thirty to 

* Journ, de Chini, Mid. , 1839, p. 564, 

f Virchow's Archiv, Bd. xx, S. 233, 

+ Altuen afterwards supported Ousum’s view ; he made a number of microscopical 
observations, and appears to liave been the first who identified oxalate of lime in the 
kidneys (Upsala, Lakarefi'rrt’.nings fdrhcmdl., . Bd, ii Hft. iv. S. 265). 

§ it S. Locke, J. Phys., xv, 119 ; Journ, Chem. Soc., 1893, 480. 
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forty-five minutes it loses its irritability, which, however, it partially 
recovers by immersion in 0'6 sodium chloride solution, He thinks this 
may explain the symptoms of fibrillary muscular contraction observed 
by Robert and Kiissner, which they ascribe to an action on the central 
nervous system. 

§ 700. Pathological Changes, — Robert and Riissner observed that 
when oxalate of soda was subcutaneously injected into animals, there 
was often abscess, and even gangrene, at the seat of the injection. If 
the poison were iujected into the peritoneal cavity, death was so rapid 
as to leave little time for any coarse lesions to manifest themselves. 
They were not able to observe a cherry- red colour of the blood, nor did 
they find oxalate of lime crystals in the lung capillaries ; there were 
often embolic processes in the lung, but nothing typical. They came, 
therefore, to the conclusion that the state of the kidneys and the urine 
was the only typical sign. The kidneys were dark, full of blood, but 
did not show any microscopic haemorrhages, Twelve hours after taking 
the poison there is observed in the cortical substance a fine striping 
corresponding to the canaliculi ; in certain cases the whole bouudary 
layer is coloured white. If the poisoning lasts a longer time, the 
kidneys become less blood-rich, and show the described white striping 
very beautifully ; this change persists several weeks. The cause of this 
strange appearance is at once revealed by a microscopical examination ; 
it is due to a deposition of oxalate of lime ; no crystals are met with in 
the glomerules. Both by the microscope and by chemical means it may 
be shown that the content of the ldduey in oxalates is large.* So far 
as the tissues generally are concerned, free oxalic acid is not likely to 
be met with ; there is always present sufficient lime to form lime oxalate. 
The urine was always albuminous and contained a reducing substance, 
which vanished about tbe second day after the dose, Hyaline casts and 
deposits of oxalates in the urine never failed, f 

§701. Observations of the pathological effects of the oxalates on 
man have been oonfiued to cases of death from the corrosive substances 
mentioned, and hence the intestinal tract has been profoundly affected. 

In the Museum of St. Thomas’ Hospital is a good example of the 
effects produced. The case was that of a woman who had taken a large, 
unknown quantity of oxalic acid, and was brought to the hospital dead. 

* The important fact of the oxalate-content of kidueys and urine, and the expul- 
sion of casts, was first observed by Mitscherlicli in 1854. He noticed in a rabbit, to 
which had been given 7 ‘5 grins, of oxalic acid, aud which had died in thirteen 
minutes, 1 ‘ rencs paulul%ni m ayis sanguine replete videbantur, in urina, 11 lulta corpora 
inveniebantur, qxue tubulos Bellenianos explesc videntur” ( Dc acidi acctici, oxedid, 
tartccrici , dtrici, fonnici, et boradci, etc , , Berlin ), 

t Rabuteau has discovered by experiment that even the oxalates of iron and 
copier are decomposed and separated by the kidueys. Oaz, Mid, de Paris, 1874. 
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The mucous membrane of the gullet is much corrugated and divided 
into numerous parallel grooves, these again by little transverse grooves, 
so that the intersection of the two systems makes a sort of raised 
pattern. It is noted that in the recent state the mucous membrane 
could be removed in flakes ; in the upper part it was whitish, in the 
lower slate-coloured. The stomach has a large perforation, but placing 
the specimen beside another in the same museum which illustrates the 
effect of the gastric juice, in causing an after-death solution of a portion 
of the stomach, it was difficult to differentiate between the two. The 
mucous membrane had the same shreddy flocculent appearance, and is 
soft and pale. The pyloric end is said to have been of a blackish colour, 
and no lymph was exuded. 

§ 702. The pathological changes by the acid oxalate of potash are 
identical with those of oxalic acid, in both, the gullet and stomach 
being nearly always more or less inflamed or corroded ; the inflammation 
in a few cases has extended right through into the intestinal canal ; 
there are venous hyperaemia, hemorrhages, and swelling of the mucous 
membrane of the stomach. The haemorrhages are often punotiform, but 
occasionally larger, arranged in rows on the summits of the rugae ; some- 
times there is considerable bleeding. In the greater number of cases 
there is no actual erosion of the stomach, but the inner layer appears 
abnormally transparent. On examining the mucous membrane under 
the microscope, Lesser* has described it as covered with a layer which 
strongly reflects light, and is to be considered as caused by a fine preci- 
pitate of calcic oxalate. Lesser was unable to find in any case oxalic 
acid crystals, or those of the acid oxalate of potash, There are many 
cases of perforation on record, but it is questionable whether they are 
not all to be regarded as post-mortem effects, and not life-changes ; at 
all events, there is little clinical evidence to support the view that 
these perforations occur during life. In the case (mentioned ante ) in 
which death took place by coma, the brain was hyperaemic. The 
kidneys, as in the case of animals, show the white zone, and are con- 
gested, and can be proved by microscopical and chemical means to he 
rich in oxalates. 

§ 703. Separation of Oxalic Acid from Organic Substances, the 
Tissues of the Body, etc. — From what has been stated, no investigation 
as to the cause of poison, when oxalic acid is suspected, can be con- 
sidered complete unless the analyst has an opportunity of examining 
both the urine and the kidneys ; for although in most cases — when the 
acid itself, or the acid potassic salt has been taken — there may be ample 
evidence, both chemical and pathological, it is entirely different if a 
case of poisoning with the neutral sodic salt should occur, In this event 
* Virchow’s Archiv, Bd, lxxxiii, S, 218, 1881. 
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there may be no congested appearance of any portion of the intestinal 
canal, and the evidence must mainly rest on the urine and kidneys. 

Oxalic acid being so widely distributed in the vegetable kingdom, the 
expert must expect, in any criminal case, to be cross-examined by 
ingenious counsel as to whether or not it was possible that the acid 
could have entered the body in a rhubarhpie, or accidentally through 
sorrel mixed with greens, etc. To meet these and similar question s it 
is important to identify, if possible, any green matters found in the 
stomach, In any case, it must be remembered that although rhubarb 
has been eaten for centuries, and every schoolboy has occasionally 
chewed small portious of sorrel, no poisoning has resulted from these 
practices. When oxalic acid has been taken into the stomach, it will 
invariably be found partly iu combination with lime, soda, ammonia, 
etc., and partly free ; or if such antidotes as chalk has been administered, 
it may be wholly combined, Vomiting is nearly always present, and 
valuable evidence of oxalic acid may be obtained from stains on sheets, 
carpets, etc. In a case of probably suicidal poisoning, the senior author 
found no oxalic acid in the conteuts of the stomach, but some was 
detected in the copious vomit which had stained the bed-clothes. The 
urine also contained a great excess of oxalate of lime — a circumstance 
of little value taken by itself, but confirmatory with other evidence. 
If a liquid is strongly acid, oxalic acid may be separated by dialysis 
from organic matters, and the clear fluid thus obtained precipitated by 
sulphate of lime, the oxalate of lime being identified by its microscopic 
form and other characters. 

The usual general method for the separation of oxalic acid from 
organic substances or mixtures is the following : — Extract with boiling 
water, filter (which in some cases must be difficult or even impossible), 
and then precipitate with acetate of lead. The lead precipitate may 
contain, besides oxalate of lead, phosphate, chloride, sulphate, and 
various organic substances and adds. This is to be decomposed by 
sulphuretted hydrogen, and on filtering off the sulphide of lead, oxalic 
acid is to be tested for in the filtrate. This process can only be 
adopted with advantage in a few cases, and is by no means to be 
recommended as generally applicable. The best general method, and 
one which insures the separation of oxalic acid, whether present as a free 
acid, as an alkaline, or a calcic oxalate, is perhaps the following : — The 
substance or fluid under examination is digested with hydrochloric acid 
until a fluid capable of filtration is obtained j the free acid is neutralised 
by ammonia in very slight excess, and permitted to deposit, and the 
fluid is then carefully decanted, and the deposit thrown on a filter. The 
filtrate Is added to the decanted fluid, and precipitated with a slight 
excess of acetate of lime — this precipitate, like the first, being collected 
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on a filter. The first precipitate contains all the oxalic acid which was 
in combination with lime ; the second, all that which was in the free 
condition. Both precipitates should be washed with acetic acid The 
next step is to identify the precipitate which is supposed to be oxalate 
of lime. The precipitate is washed into a beaker, and dissolved with 
the aid of heat by adding, drop by drop, pure hydrochloric acid ■ it is 
then reprecipitated by ammonia, and allowed to subside completely 
which may take some time. The supernatant fluid is decanted, and the 
precipitate washed by subsidence ; it is lastly dried over the water -bath 
in a tared porcelain dish, and its weight taken. The substance is then 
identified by testing the dried powder as follows : — 

(a) It is whitish in colour, and on ignition in a platinum dish leaves 
a grey carbonate of lime. All other organic salts of lime — viz,, citrate, 
tartrate, etc. — on ignition become coal-black. 

( b ) A portion suspended in water, to which is added some sulphuric 
acid, destroys the colour of permanganate of potash — the reaction beino- 
similar to that on p. 534 — a reaction by which, as is well known, oxalic 
acid or an oxalate may be conveniently titrated. This reaction is so 
peculiar to oxalic acid, that there is no substance with which it can be 
confounded. It is true that uric acid in an acid solution equally de- 
colorises permanganate, but it does so in a different way ; the reaction 
between oxalic acid and permangauate being at first slow, and after- 
wards rapid, while the reaction with uric acid is just the reverse — at 
first quick, and towards the eud of the process extremely slow. 

(c) A portion placed in a test-tube, and warmed with concentrated 
sulphuric acid, develops on warming carbon monoxide and carbon 
dioxide; the presence of the latter is easily shown by adapting a cork 
and bent tube to the test-tube, and leading the evolved gases through 
baryta water, 

Alexander Gunn* has described a new method of both detecting and 
estimating oxalic acid ; it is based on the fact that a small trace of oxalic 
acid, added to an acid solution of ferrous phosphate, strikes a persistent 
lemon- yellow colour ; the depth of colour being proportionate to the 
amount of oxalic acid. 

The reagents necessary for both quantitative and qualitative testing 
are as follows : — A standard solution of oxalic acid, of which 100 c.c. 
equal 1 gnu., and a solution of ferrous phosphate, containing about 12'5 
per cent, of Fe 8 2P0 4 , with excess of phosphoric acid. 

Into each of two Nessler graduated glasses 7'5 c.c. of the ferrous 
phosphate solution are run and made up to 50 c.c. with distilled water ; 
both solutions should be colourless; 1, 2, or more c.c. of the solution 
to be tested are then run into one of the Nessler glasses ; if oxalic acid 
* Pharm. Journal, 1893, 408. 



544 


POISONS : THEIR EFFECTS ANT) DF,TECTION. [§ 704, 705. 


be present, a more 01 * less deep tint is produced ; this must be imitated 
by running the standard solution of oxalic acid into the second dressier 
cylinder — the calculation is the same as in other colorimetric estima. 
tions. It does not apear to be reliable quantitatively, if alum is present; 
and it is self evident that the solution to be tested must be fairly free 
from colour. 

§ 704. Oxalate of Lime in the Urine. — This well-known urinary 
sediment occurs chiefly as oetahedra, but hour-glass, contracted or 
dumb-bell-like bodies, compound oetahedra, and small, flattened, bright 
discs, not unlike blood discs, are frequently seen. It may be usually 
identified under the field of the microscope by its insolubility in acetic 
acid, whilst the ammonio mag. phosphate, as well as the carbonate of 
lime, are both soluble in that acid. From urates it is distinguished by 
its insolubility in warm water. A chemical method of separation is as 
follows : — The deposit is freed by subsidence as much as possible from 
urine, washed with hot water, and then dissolved in hydrochloric acid 
and filtered ; to the filtrate ammonia is added in excess. The precipitate 
may contain phosphates of iron, magnesia, lime, and oxalate of lime. 
On treatment of the precipitate by acetic acid, the phosphates of the 
alkaline earths (if present) dissolve ; the insoluble portion will be either 
phosphate of iron, or oxalate of lime, or both. On igniting the residue 
in a platinum dish, any oxalate will be changed to carbonate, and the 
carbonate of lime may be titrated with d. n. HOI acid and cochineal 
solution, and from the data thus obtained the oxalate estimated. The 
iron can be tested qualitatively in the acid solution by fcrrocyanide of 
potassium, or it can be determined by the ordinaiy methods. If the 
qualitative detection of oxalate of lime in the deposit is alone required, 
it is quite sufficient evidence should the portion insoluble in acetic acid, 
011 ignition in a platinum dish, give a residue eifervesciug on the addition 
of an acid, 

§ 705, Estimation of Oxalic Acid, — Oxalic acid is estimated in the 
free state by direct weighing, or by titration either with alkali or by 
potassic permanganate, the latter being standardised by oxalic acid. If 
(as is commonly the case) oxalic acid is precipitated as oxalate of lime, 
the oxalate may be — 

(a) Dried at 100° and weighed directly, having the properties already 
described. 

(b) Titrated with dilute sulphuric acid and permanganate, 

( 0 ) Ignited, and the resulting carbonate of lime weighed ; or 
dissolved in standard acid and titrated back — one part of calcic carbonate 
corresponds to 1'26 part of crystallised oxalic acid, or 0'90 part of 
H 2 c 2 0 4 ; similarly, 1 c.c. of standard acid equals '05 of calcic carbonate 
(or '063 of crystallised oxalic acid). 
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(cl) The oxalate may be dissolved in the smallest possible amount of 
hydrochloric acid, and boiled with ammonio chloride of gold, avoiding 
exposure to light ; every part of gold precipitated corresponds to '961 
part of crystallised oxalic acid. 

(i e ) The oxalate may be placed in Geissler’s carbonic acid apparatus, 
with peroxide of manganese and diluted sulphuric acid. The weight of 
the gas which at the end of the operation has escaped, will have a 
definite relation to that of the oxalate, and if multiplied by 1'4318 will 
give the amount of crystallised oxalic acid. 


CERTAIN OXALIC BASES— OXALMETHYLINE— OXALPROPYLINE. 

§ 706. Hugh Schulz * and Mayer have contributed the results of some important 
researches bearing upon a more exact knowledge of the effects of the oxalic group of 
poisons, and upon the relation between chemical constitution and physiological 
effects. They experimsrted upon oxalmethyline, chloroxalmethyline, and oxalpropy . 
line . 

Chloroxalmethyline (C 6 HjC 1N 2 ) is a liquid, boiling at 205°, with a weakly narcotic 
smell. A solution of the hydroehlorate of the base was employed. Subcutaneous 
injections of '05 grin, into frogs caused narcosis, and both this and the ethylic com' 
pound deranged the heart’s action, decreasing the number of beats. Thus '05 grin, 
decreased the number of the beats of the heart of a frog in the course of one and 
three-quarter hours as follows : 72, 60, 56, 50, 44, 40, 35, 0, 

Oxalmethyline produces somewhat similar symptoms, but the nervous system is 
more affected than in that which contains chlorine. 

Oxalpropyline also causes narcosis, and afterwards paralysis of the hinder ex. 
tremities and slowing of the heart, 

The differenre between the chlorine-free and the chlorine-containing oxalic bases 
are summarised as follows ; 

FROGS, 

Chlorine- Holding Bases. Chlorine-Free Bases, 

Notable narcosis ; no heightened reflex Narcosis occurs late, and is little pro. 

action, muscular cramps, nor spontaneous nounced ; a notable increase of reflex 
convulsions, excitability j more and more muscular 

paralysis ; between times, muscular 
cramps, 

CATS. 

Chlorine-Holding Bases Chlorine-Free Bases, 

Notable narcosis and salivation ; no Great excitement ; general shivering, 
mydriasis; convulsions and paraly sis ; no rising to pure clonic convulsions; para- 
change in the respirations. lysis of the hind legs ; notable mydriasis, 

jerking, and superficial respiration ; weak 
narcosis, 

DOGS, 

Notablenarcosis ; occasional vomiting ; Narcosis evident ; the rest as in cats, 
the rest as in cats. 

* “Beitvag zur Kenntniss der Wirkung der Oxalbasen auf den Thierkorper,’’ 
Arch f. exper, Path, u, Pharm,, 1882, 
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PART IX. -INORGANIC POISONS. 


I —PRECIPITATED FROM A HYDROCHLORIC ACID SOLID 
TION BY HYDRIC SULPHIDE— PRECIPITATE YELLOW 
OR ORANGE * 


Arsenic— Antimony— Cadmium. 

1. ARSENIC. 

§ 707. Metallic Arsenic, atomic weight, 75 ; specific gravity of amor- 
phous arsenic, 4'7 ; of crystalline, 5 '7 ; sublimes without fusion in small 
quantities at 110° (230° F.) Gut/, It occurs in commerce in whitish- 
grey, somewhat brittle, crystalline masses, and is obtained by subjecting 
arsenical pyrites to sublimation in earthen retorts, the arsenic being 
deposited in suitable receivers on sheet iron. There is an allotropic 
variety, yellow arsenic. As 4 , obtained by subliming arsenic in a current 
of C0 2 in the dark and condensing the vapours on a surface cooled to 
0° ; yellow arsenic has an onion-like odour, is soluble iu CS 2 , which 
solution, on evaporation, leaves it in rhombohedral dodecahedrons isomor* 
phous with crystals of white phosphorus ; it is rapidly changed with 
evolution of heat, into ordinary amorphous arsenic. Metallic arsenic 
is probably not poisonous, but may be changed by the animal fluids 
into soluble compounds, and then exert toxic effects — volatilised metallic 
arsenic is easily transformed in the presence of air into arsenious acid, 
and is therefore intensely poisonous, 

§ 708. Arsenious Anhydride — Arsenious Acid — White Arsenic — 
Arsenic, As. 2 0 3 = 198 ; specific gravity of vapour, 13'85 ; specific gravity 

* Fresenius has pointed out that sulphur may mask small quantities of arseuic, 
antimony, tin, etc,, and he recommends that the turbid liquid in which apparently 
nothing but sulphur has separated should be treated as follows : — A test-tube is half 
filled with the liquid, and then a couple of e, c, of petroleum ether or of benzene added, 
the tube closed by the thumb, and the coutents well shaken. The sulphur dissolves, 
and is held in solution by the solvent, which latter forms a clear upper layer. If 
traces of a metallic sulphide were mixed with the sulphur, thin coloured films 
are seen at the junction of the two layers, and the sulphides may also coat the 
tube above the level of the liquid with a slight faintly-coloured pellicle ( Chcm . 
News, Jan. 4, 1895), 
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of opaque variety, 3'699 ; specific gravity of transparent variety, 3'7385 
Composition in 100 parts, As 75‘75, 0 24'25 ; therefore one part of 
metallic arsenic equals 1‘32 of As 2 0 3 . It is entirely volatilised at a 
temperature of 204'4°. 

In analysis it is obtained in brilliant octahedral crystals as a sublimate 
on discs of glass, or within tubes, the result of heating a film of metallic 
arsenic with access of air. It is obtained in commerce on a very large 
scale from the roasting of arsenical pyrites. As thus derived, it is 
usually in the form of a white cake, the arsenious acid existing in four 
forms — an amorphous, a vitreous, and two crystalline — the cake beino- 
generally opaque externally, whilst in the centre it is transparent 
According to Kruger, this change from the crystalline to the amorphous 
condition is dependent upon the absorption of moisture, no alteration 
taking place in dry air. The conditions under which three of the 
forms of arsenic are produced are well shown by an experiment of 
Debray’s ; a sealed tube of As.,0 3 is heated in a sand bath in such a 
manner as to heat the lower part to 400° C, the upper to 200° C. On 
cooling, vitreous arsenic is found in the lower part, octahedral crystals 
in the upper part, and in the middle prismatic crystals. The varieties 
of arsenious anhydride are acid to test-paper. 

The solubility of arsenious acid is often a question involving chemical 
legal matters of great moment. Unfortunately, however, no precisely 
definite statement can be made on this point, the reason beirig that the 
varieties of arsenic occur in very different proportions in different samples. 
The amorphous and crystalline varieties having very unequal solubilities, 
every experimenter in succession has given a different series of figures, 
the only agreement amid the general discrepancy being that arsenic is 
very sparingly soluble in water. 

The statement of Taylor may, however, be accepted as very near the 
truth, viz,, that an ounce of cold water dissolves from half a grain to a 
grain. According to M. L. A. Buchner,* one part of crystalline arsenious 
add dissolves after twenty-four hours’ digestion in 355 parts of water at 
15° ; and the amorphous, under the same condition, in 108 of water. A 
boiling solution of the crystalline acid, left to stand for twenty* four 
hours, retains one part of acid in 46 of water; a similar solution of the 
amorphous retains one of arsenic in 30 parts of water ; i.e . , 100 parts of 
water dissolve from 2'0 1 to 3'3 parts of As 2 0 3 . 

Boiling water poured on the powdered substance retains in cooling 
a grain and a quarter to the ounce ; in other words, 100 parts of water 
retain '14. Lastly, arsenious acid boiled in water for an hour is dis- 
solved in the proportion of 12 grains to the ounce ; i.e,, 100 parts of water 
retain 2‘5, 

* Bull, de la Sociiti tihim. de Paris , t. xx. 10, 1873. 
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K. Chodomisky* has investigated the solubility of recrystallised 
aisenious acid in dilute acids, and his results are as follows '.—100 c.c. 
of 1 '32 per cent, hydrochloric acid dissolves 1'15 grm. As 2 0 3 at 18'5°. 
100 c.c. of 6 per cent hydrochloric acid dissolves 1 ‘27 grm. at 18-5°, 
100 c.c. of pure hydrochloric acid of the ordinary commercial strength 
dissolves 1'45 grm. As 2 0 3 . 100 c.c. of dilute sulphuric acid at 18° 
dissolves about 0'54 grm. ; at 18'5° from 0'65 to 0'72 grm. ; and at 
80° from 1'09 to 1 *19 grm. 

§ 709. Arsine — Arseniuretted Hydrogen, H 3 As. — Mol. weight, 78; 
vol. weight, 39 ; specific gravity, 2'695 ; weight of a litre, 3'4944 grammes; 
percentage composition, 95'69 As, 4*31 H ; volumetric composition, 2 vol 
H 3 As = half vol. As + 3 vol. H. A colourless inflammable gas, of a foetid, 
alliaceous odour, coercible into a limpid colourless liquid at ordinary 
pressure of - 120° ; it solidifies at - 118'9°, melts at - 113-5°, and boils at 
- 55°. The products of the combustion of arseniuretted hydrogen are 
water and arsenious acid; thus, 2H 3 As + 30 2 = 3H 2 0 + As 2 0 3 . If sup- 
plied with air in insufficient, quantity, if the flame itself be cooled by (for 
example) a cold porcelain plate, or if the gas pass through a tube any 
portion of which is heated to redness, the gas is decomposed and the metal 
separated. Such a separation may be compared with that of the deposit 
of carbon from ordinary flames, when made to play upon a cooled surface. 
It may also be decomposed by the electric spark ; f e.g , , if the gas is 
passed slowly through a narrow tube 0'7 to 0'8 mm. internal diameter, 
provided with wires 0‘5 to 0‘6 mm. apart, and a small induction coil 
used connected with two large Bunsen’s cells, then, under these conditions, 
arsenic as a metal is deposited in the neighbourhood of the sparks. For 
the decomposition to be complete, the gas should not be delivered at a 
greater speed than from 10 to 15 c.c. per minute. The gas burns with 
a blue-white flame, which is very characteristic, and was first observed 
by Wackenroder. It cannot, however, be properly seen by using the 
ordinary apparatus of Marsh, for the flame is always coloured from the 
glass ; but if the gas is made to stream through a platinum jet, and then 
ignited, the characters mentioned are very noteworthy. 

Oxygen (or air) and arsine make an explosive mixture. Chlorine 
decomposes the gas with great energy, combining with the hydrogen, 
and setting free arsenic as a brown cloud ; any excess of chlorine 
combines with the arsenic as a chloride. Sulphur, submitted to 
arseniuretted hydrogen, forms sulphuretted hydrogen, whilst first 
arsenic and then sulphide of arsenic separate. Phosphonis acts in a 
similar way, Arseniuretted and sulphuretted hydrogen may be evolved 
at ordinary temperatures without decomposition; at the boiling-point of 

* Chem, CerUrbl,, 1889, .569. 

t N. Klobrikow, Zeit. Anal . Chem., xxix. 129-133. 
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mercury (3 jO ) they are decomposed, sulphide of arsenic and hydrogen 
beiug formed ; thus, 3H 2 S +2AsH 3 = A8 2 S s + 6H 2 , a reaction which is of 
s° me importance from a practical point of view. Many metals have 
also the property of decomposing the gas at high temperatures, and 
setting hydrogen free, Metallic oxides, again, in like manner combine 
wxtli arsenic, and set water free; e,g., 3CuO + 2H 3 As = Cu 3 As 2 + 3H 2 0. 

A solution of copper sulphate absorbs arsine completely, and arsenide 
of copper is precipitated, 3S0 4 Cu + 2AsH 3 = 3S0 4 H 2 + As 2 Cu 3 . 

Arsine acts on solutions of the noble metals like phosphuretted 
hydrogen, precipitating the metal and settjpg free arsenious acid ; for 
example, nitrate of silver is decomposed thus — 

2[ AsAg 3 + 3N0 8 Ag] + 3H 2 0 = 12 Ag + As 2 0 3 + 6N0 3 H. 

Thin reaction admits of valuable practical application to the estimation 
of arsenic ; for the precipitated silver is perfectly arsenic-free; the 
excess of nitrate of silver is easily got rid of by a chloride of sodium 
solution, and the absorption and decomposition of the gas are complete, 
In cases of poisoning by arsine, the blood when examined by the 
spectroscope (a process the analyst should never omit where it is 
possible), is of a peculiar inky colour, and the bands between D and C 
are melted together, and have almost vanished. Such blood, exposed to 
oxygon, remains unaltered, 

£$ 7 10. Arsine in the Arts, etc. — In the bronzing of brass, in the 
desilvorising of lead by zinc, and subsequent treatment of the silver zinc 
with hydrochloric acid, in the tinning of sheet iron, and similar pro- 
cesses, cither from the use of acids containing arsenic as an impurity, 
or from the application of arsenic itself, arsine is evolved, 

§ 711. Effects on Anima ls and Man of Breathing Arsine. — The 
most general effect on mammals is to produce jaundice, bloody urine, 
and increase in the biliary secretion. In the course of numerous experi- 
ments on dogs, Stadelmann* found that by making them breathe a dose 
of ursine, vvliicli would not be immediately fatal, icterus was always pro- 
duced under these circumstances, and could be always detected by the 
appearance of the tissues. The bile is remarkably thickened, and the 
theory is, that in such cases the jaundice is purely mechanical, the gall- 
duct being occluded by the inspissated bile. Rabbits experimented upon 
similarly showed increased biliary secretion, but no jaundice ; while it 
was proved that cats are not so sensitive to arsine as either rabbits or 
dog.H, There are not wanting instances of arsine having been breathed 
by man— the discoverer of the gas, Gehlen, was in fact the first victim 
on. record. In order to discover a flaw in his apparatus he smelt 
« «< j)i B Ai'senwasserstoff'Vergiftung,” Archiv f, exper, Path, u, Pharrn ,, Leipzig, 
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strongly at the joints, and died in eight days from tlie effects of the 
inhalation. 

Nine persons, workmen in a factory, were poisoned by arsine being 
evolved during the treatment by hydrochloric acid of silver-lead con- 
taining arsenic. Three of the nine died ; their symptoms were briefly 
as follows : — 

(1) H. K., 22 years old ; his duty was to pour hydrochloric acid on 
the metal. Towards mid-day, after this operation, he complained of 
nausea, giddiness, and malaise. In the afternoon he felt an uncommon 
weight of the limbs, and an„oppression in breathing. His fellow- work- 
men thought that he looked yellow. On going home he lay down and 
passed into a narcotic sleep. Next morning he went to his work as 
usual, but was not capable of doing anything ; he passed bloody urine 
several times throughout the day, and fell into a deep sleep, from which 
he could scarcely be roused. On the third day after the accident, a 
physician called in found him in a deep sleep, with well-developed 
jaundice, the temperature moderately high, pulse 100. On the fifth 
day the jaundice diminished, but it was several months before he could 
resume his work. 

(2) J. T., aged 19, suffered from similar symptoms after five and 
a half hours’ exposure to the gas. He went home, vomited, was 
jaundiced, and suffered from bloody urine ; hi six days became con- 
valescent, but could not go to work for many months. 

(3) C. E, was very little exposed, but was unwell for a few days. 

(4) L. M., 37 years old, was exposed two days to the gas; he 
vomited, had bloody urine, passed into a narcotic sleep, and died in three 
days from the date of the first exposure. 

(5) J. S., aged 40, was exposed for two days to the gas ; the 
symptoms were similar to No. 4 ; there was suppression of urine, the 
catheter drawing blood only, and death in eight days. 

(G) M, E., 36 years old ; death in three days with similar symptoms. 

(7), (8), and (9) suffered like Nos. 1 and 2, and recovered after 
several mouths, 

The chief post-mortem appearance was a dirty green colour of the 
mucous membrane of the intestines, and congestion of the kidneys. 
Arsenic was detected in all parts of the body.'*' 

Two cases are detailed by Dr. Valette in Tardieu’s Mude. f A 
mistake occurred in a laboratory, by which a solution of arsenic (instead 
of sulphuric acid) was poured on zinc to develop hydrogen. Of the two 

* Trost, “ Vergiftuug dutch Arsenwasserstoff bei der lechnischen Gewinnuug 
des Silbers, T ’ Vierteljahrssckrift f. ycrichi, Med., xviii. Bd., 2 Heft, S. 6, 1873. 

1 Ambroise Tardlai, ittude MedicO'Uyale swr l’ Empoisonnemcnt, Obs. xxv. p. 

449 . 



7 1 2-7 1 4 -] 


ARSENIC. 


551 

sufferers, the oue recovered after an illness of about a week or ten days, 
the other died at the end of twenty-eight days. The main symptoms 
were yellowness of skin, vomiting, bloody urine, great depression, slight 
diarrhcea, headache, and in the fatal case a morbiliform eruption. In a 
case recorded in the British Medical Journal , November 4, 1876, there 
were none of the usual symptoms of gastric irritation, but loss of 
memory of recent acts, drowsiness, and giddiness. 

§ 712. The Sulphides of Arsenic. — Of the sulphides of arsenic, two 
only, realgar and orpiment, are of any practical importance. Realgar , 
As 2 S 2 =214 ; specific gravity, 3'544 ; composition in 100 parts, As 70 09, 
S 29'91 ; average composition of commercial product, As 75, S 25. 
Realgar is found native in ruby-red crystals, and is also prepared arti- 
ficially by heating together 9 parts of arsenic and 4 of sulphur, or 198 
parts of arsenious anhydride with 112 parts of sulphur, 2As 2 0 3 + 7S = 
2As 2 S., + 3S0 2 . It is insoluble in water and in hydrochloric acid, but 
is readily dissolved by potassic disulphide, by nitric acid, and by aqua 
regia. It is decomposed by caustic potash, leaving undissolved a brown 
sediment (As 12 S), which contains 96'5 per cent, of arsenic. The 
dissolved portion is readily converted into arsine by aluminium. 

§ 713. Orpiment, or Arsenic Trisulphide. — As 2 S 3 = 246 ; specific 
gravity, 346 j composition in 100 parts, As 60-98, S 39'02 ; found 
native in crystals, presents itself in the laboratory usually as a brilliant 
yellow amorphous powder, on passing sulphuretted hydrogen through an 
acid solution of arsenious acid or ail arsenite, It is very insoluble in 
water (about one in a million, Fresenius), scarcely soluble in boiling con- 
centrated hydrochloric acid, and insoluble generally in dilute acids. Red 
fuming nitric acid dissolves it, converting it into arsenic and sulphuric 
acids ; ammonia and other alkaline sulphides, the alkalies themselves, 
alkaline carbonates, bisulphide of potassium, and aqua regia, all dissolve 
it readily. In the arts it is used as King’s yellow (see p, 555). Tanners 
also formerly employed a mixture of 90 parts of orpiment and 10 of 
quicklime, under the name of Rusma , as a depilatory j but the alkaline 
sulphides from gasworks are replacing this to a great extent. 

§ 714. Haloid Arsenical Compounds, — The Chloride of Arsenic, 
AsC1 3 =181'5; specific gravity liquid, 0° 2'205 ; boiling-point 134° 
(273'2° F.), is a heavy, colourless, oily liquid, which has been used as 
an escharotic in cancerous affections (principally by quacks). In one 
process of detecting and estimating arsenic, the properties of this sub- 
stance are utilised (see p. 54), It is immediately decomposed by water 
into arsenious and hydrochloric acids. 

The Iodide of Arsenic (Asl 3 ) is used occasionally in skin diseases, but 
is of little interest to the analyst ; it is commonly seen in the form of 
brick -red brilliant flakes. 
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§ 715. Arsenic in the Arts. — The metal is used in various alloys; 
for example, speculum metal is made of tin, copper, and a little arsenic ; 
white copper is an alloy of copper and arsenic ; shot is composed of 1000 
parts of lead mixed with 3 of arsenic ; tlic common Britannia metal used 
for teapots, spoons, etc., often contains arsenic ; and brass is bronzed 
with a thin film of arsenic. It was formerly much employed in the 
manufacture of glass, but is being gradually superseded. It is also now 
used to some extent in the reduction of indigo blue, and in that «f nitro* 
benzole in the manufacture of aniline. 

In cases of suspected poisoning, therefore, and the finding of arsenic 
in the stomach, or elsewhere, it may be set up as a defence that the 
arsenic was derived from shot used in the cleansing ot bottles, from the 
bottles themselves, or from metal vessels, such as teapots, etc. 

The arsenic in all these alloys being extremely insoluble, any solution 
to a poisonous extent is in the highest degree improbable. It may, how* 
ever, be necessary to treat the vessels with the fluid or fluids which have 
been supposed to exert this prejudicial action, and tost them for arsenic. 
The treatment should, of course, be of a severe and exhaustive character, 
and the fluids should be allowed to stand cold in the vessels for twenty- 
four hours; then the effect of a gentle beat should lm studied, and, 
lastly, that of boiling temperatures. The analysis of tin: alloy itself, or 
of the glass, it would seldom be of value to undertake, for the crushed 
and finely divided substaucc is in 11 condition very different from that of 
the article when entire, and inferences drawn from such analytical data 
would be fallacious. 

Arsenious anhydride is also used for the preservation of wood, and 
is thrown occasionally into the holds of vessels in largo <|iiautitics to 
prevent vegetable decomposition. In India, again, a solution of 
arsenic is applied to the walls as a wash, in order to prevent the attacks 
of insects. 

§ 716, Pharmaceutical, Non, officinal, and other Preparations of 
Arsenic. — (1) Pharmaceutical Preparations. — -'llie Liquor arsenicalis 
(Towler’s solution), or solution of arsenic of the pharmacopoeia, is 
composed of : — 

Carbonate of Potash, , , , 87 grains (5>'<t( grins.) 

Arsenious Acid, . , , . 87 ,, (5'(M „ ) 

Compound Tincture of Lavender, , , fi (lnieluns (1772 <•„<;.) 

dissolved in 1 pint (567'9 c.c.) of water; every ounce, therefore, eon* 
tains 4'3 grains of arsenious acid (or 100 c.c. = -9 Ak,,( ).,) ; the strength 
is therefore nearly 1 per cent. Chemically, it is a mixture of two 
arsenites, As O..KJI and 2KAs0 2 + AbCC, 

Liquor Ammouii Arsenitis (not oilicinal) is made of the same- 
strength, ammonium carbonate boiug substituted for potassio carbonate. 
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The hydrochloric solution of arsenic is simply arsenious acid dis 
solved in hydrochloric acid ; its strength should he exactly the same 
that of To wler’s solution. 

A solution of arseniate of soda* contains the anhydrous salt in the 
proportion of 4 grains to the ounce ('9 in- 100 e.c.) of water. 

Liquor Arsenii et Hydrargyri Iodidi (Donovan’s Solution of 
Arsenic). — This is not officinal, but is used to some extent in skin 
diseases ; it is a solution of the iodides of mercury and arsenic ; strength, 
about 1 per cent, of each of the iodides, 

Arseniate of Iron, FejAsjOj, is an amorphous green powder, used to 
some extent in medicine. It should contain 33-6 per cent, of metallic 
arsenic. 

Clemen’s Solution. — A solution of the bromide and arseniate of 
potassium ; strength equal bo 1 per cent, arsenious acid. Officinal in 
U.S., France, and Norway. 

Pilula Asiatica (not officinal) is composed of arsenious acid, extract 
of gentian, and black pepper. There is -j^th of a grain (5 '4 milligrams) 
of arsenious acid in each pill. 

Dr. De Valanguis’ Solutio solventes mineralis is composed of 30 
grains of As 2 0 3 dissolved by 90 minims of HC1 in 20 oz. of water : 
strength = 0'034 per cent. As 2 0 3 . 

(2) Veterinary Arsenical Medicine. — Common veterinary prepara* 
tions containing arsenic are : — A ball for worms, containing in parts — 

Calomel, ...... 1 ‘3 per cent, 

Arsenious Acid 1'3 ,, 

Tin Filings, 77 '9 ,, 

Venice Turpentine,! . . . . 19 '5 ,, 

A common tonic ball : } — 

Arsenious Acid, , , 5 to 10 grains ('324 to '648 grin.) 

Aniseed, ... J oz. (14-1744 grms. ) 

Opium 30 grains ( 1 ’94 ,, ) 

Treacle s, 

An arsenical ball, often given by grooms to horses for the purpose 
of improving their coats, contains in 100 parts: — 

Arsenious Acid, ..... 2 '5 percent. 

Pimento 19 - 2 ,, 

Extract of Gentian, , , , . 78 '3 ,, 

Another ball in use is composed of arsenic and verdigris (acetate of 

* The formula for arseniate of soda is N a.,H As0 4 7 HoO, but it sometimes contains 
more water, 

t The Venice turpentine is rarely fouud in ordinary commerce, what is sold 
under that name consisting of black resin and oil of tnrpaitina 

% A similar preparation in common use has the addition of sulphate ol zinc. 
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copper), of each 8 grains ('518 gnn.) ; cupric sulphate, 20 grains (1'3 
grm.) ; q, s. of linseed meal and treacle. 

(3) Bat and Fly Poisons, etc. — An arsenical paste wild for rats has 
the following composition : — 


Arsenious Acid, . 

Lampblack, .... 
Wheat Flour, 

Suet, 

Oil of Aniseed, a small quantity. 


5 '0 per cent 

'<5 ,r 

46'3 

4(D3 


Another rat poison is composed as follows 


White Arseuie, 
Carbonate of Baryta, 
Rose. pink,* . 

Oil of Auiseed, 

Oil of Rhodium, . 


Ifi'R per cent. 
46 '8 „ 

IPS 

•*> 

) I 

w II 


Various arsenical preparations are used to kill flies ; tlur active 
principle of the brown "papier mourn ” is arsenious acid. A dark grey 
powder, which used to be sold under the name of fly-powdev, consisted 
of metallic arsenic that had been exposed some time to the »ir. 

Fly-water is a strong solution of arsenious acid of uncertain 
strength, sweetened with sugar, treacle, or honey. Another fly- poison 
consists of a mixture of arsenious acid, tersnlphide of arsenie, treacle, 
and honey. 

(4) Quack and other Nostrums.— The analyst may meet, with 
several quack preparations for external use in eanoov. A celebrated 
arsenical paste for this purpose is composed of : — 

Arsenious Acid, ..... 8 ju-ri'cnl. 

Cinnabar, 70 ,, 

Dragon’s Blood, . . . . , ii ,, 

Freres Come’s Cancer Paste is composed of arsenious acid, 1 ; 
charcoal, 1 ; red mercury sulphide, 4 ; water, q. s. 

The tasteless “ ayue drop «” formerly used in malarious districts arc 
simply a solution of arscuitc of potash. 

Davidson’s Cancer Kemedy consists, according to Dr. Paris, of equal 
parts of arsenious acid and powdered hemlock, 

In India, arsenic given as a medicine, by native praetitiimovs, or 
administered as a poison, may lie found colonrud mid impure, from 
having been mixed cither with cow’s urine, or with the juice of leaves, 
etc.f 

Arsenious acid is used by dentists to destroy the nervous pulp of 
decayed and painful teeth, about the twenty fifth of a grain (To mgrrns, ) 

* Alum and carbonate of load coloured witli Brazil anil porch woods, 

t Chever, Med. Jurisprudence fur India, p. 110. 
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being placed in the cavity. A common formula is arsenious acid, 2 ; 
sulphate of morphine, 1 ; creasote, q. s, to make a stiff paste. There is 
no record of any accident having resulted from this practice hitherto • 
but since the dentist seldom weighs the arsenic, it is not altogether free 
from danger. 

(5) Pigments, etc. — King's yellow should be As ? S 3 , the trisulphide 
of arseuic or orphnent. It is frequently adulterated with 80 to 90 per 
cent of arsenious acid, and in such a case is, of course, more poisonous. 
King’s yellow, if pure, yields to water nothing which gives any arsenical 
reaction. 

A blue pigment, termed mineral blue, consists of about equal parts 
of arsenite of copper and potash, and should contain 38'7 per cent, of 
metallic arsenic (=to 51'084 As 2 0 3 H) and 15'6 of copper. 

Schweinfurt green (Syn. Emerald-green), (CuASo0 4 )„Cu(C ? H 3 0 2 ). ; , is 
a cupric arsenite and acetate, and should contain 25 per cent, of copper 
and 58'4 per cent, of arsenious acid. In analysis, the copper in this 
compound is readily separated from the arsenic by first oxidising with 
nitric acid, and then addiug to the nitric acid solution ammonia, until 
the blue colour remains unchanged. At this point ammonium oxalate 
is added in excess, the solution is just acidified by hydrochloric or nitric 
acid, aud, on standing, the copper separates completely (or almost so) as 
oxalate, the arsenic remaining in solution. 

Another method is to pass SH 2 to saturation, collect the sulphides on 
a filter, and, after washing and drying the mixed sulphides, oxidise with 
fuming nitric acid, evaporate to dryness, and again treat with nitric acid. 
The residue is fused with soda aud potassic nitrate, the fused mass is 
dissolved in water, acidulated with nitric acid, and the copper is pre* 
cipitatcd by potash; the solution is filtered, and in the filtrate the 
arsenic is precipitated as ammoniocnagnesian arseniate or as tri> 
sulphide.* 

Scheele’s green (CuHAs0 3 ) is a liydrocupric arsenite, and contains 
52'8 per cent, of arsenious anhydride and 33'8 per cent, of copper. 

(G) External Application of Arsenic for Sheep, etc. — Many of these 
arc simply solutions of arsenic, the solution being made by the farmer. 
Most of the yellow sheep-dipping compounds of commerce are made up 
either of impure carbonate of potash, or of soda ash, arsenic, soft soap, 
aud sulphur. The French bain de tersier is composed of : — 

ArHenious Acid, ....... 1 '00 kgrm. 

Ferrous Sulphato, , . . . . . lO'OO ,, 

Peroxide of Iron, 0'40 ,, 

Gentian Powder, 0'20 ,, 

This is to be added to 100 kgrms, of water, Another common applica* 
* P. Gucci, C'hcm . Ccntrhl. , 1887, 1528. 
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tion consists of alum and arsenic (10 or 12 to 1), dissolved in two or 
three hundred parts of water, 

(7) Arsenical Soaps, etc, — Arsenic is used in preserving the skins of 
animals. One of the compounds for this purpose, known under the name 
of Becoeur’s arsenical soap, has the following composition ; — 


Camphor, 

. 

3 '4 per cent. 

Arsenic 


20-2 


Carbonate of Potash, .... 

, , 

56-2 


Lime, * ........ 

(8) Arsenical compounds used in pyrotechny : — 

20'2 

»» 

Parts. 

Blue fires — (1) Realgar, 


. , 

2 

Charcoal, 



3 

Potassic Chlorate, 



5 

Sulphur, 



13 

Nitrate of Baryta, 



77 

(2) Sulphur, 



40-9 

Nitre, 



36 '8 

Sulphide of Antimony, 



12'3 

',, Arsenic, 



5 

Charcoal, . 



5 

Green fires — Metallic Arsenic, 



•2 

Charcoal, . 



3 

Chlorate of Potash, 



5 

Sulphur, 



13 

Nitrate of Baryta, 



7 

Light green fire — Charcoal, 



175 

Sulphide of Arsenic, 



175 

Sulphur, 



10-50 

Chlorate of Potash, 



23 '25 

Nitrate of Baryta, 



62'50 

White fire — (1) Arseuious Acid, , 



76 

Charcoal, , 



1'63 

Sulphide of Antimony, 



12 '27 

Nitrate of Potash, 



36'59 

Sulphur, 



48 75 

(2) Realgar, 



61 

Sulphur, 



21 '2 

Nitrate of Potash, 



727 


§ 717, Statistics, — During the twelve years 1892-1903 there were 
registered in England and Wales 242 deaths from arsenic ; of these 58 
were suicidal deaths; 79 were registered during 1900-1901 as due to 

* The dust from the preserved skins of animals has caused, at least, one case 
of poisoning, Ann, d'Hycj, Pub, ct de Med,-Ltg., 2 361 '., 1870, t, xxxiii. p. 314, 
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arsenical beer ; the remainder were accidental. The age and sex dis- 
tribution of persons dying from accidental or suicidal arsenical poisoning 
other than beer poisoning are detailed in the following table : — 

DEATHS FROM ARSENIC DURING THE TWELVE YEARS 1892-1903. 
Accident or Neo licence. 


Ages. , 

1-5 

5-15 

15-25 

25-65 

65 and above 

Total 

Males, , 

3 

7 

6 

28 

4 

48 

Females, 

5 

6 

3 

42 

1 

57 

Total, 

8 

13 

9 

70 

5 

105 



Suicide. 




Ages, . 

, 

15-25 

25-65 


65 and above 

Total 

Males, 

. , » 

4 

32 


4 

40 

Females, 


3 

15 


0 

18 

Total, 

, , 

7 

47 


4 

58 


| 718. Law Relative to the Sale of Arsenic. — By the 14th of Viet, 
c. 12, every person selling arsenic is bound to keep a written record of 
every particular relative to each transaction, such as the name, abode, 
and calling of the purchaser, the purpose for which the poison is 
required, and the quantity sold, etc. These particulars are to be signed 
also by the purchaser. No person (sec. '2) is allowed to sell arsenic to 
any one unknown to the seller, unless in the presence of a witness whom 
the seller is acquainted with. The arsenic sold (sec. 3) is to be mixed 
with soot or indigo in the proportion of half an ounce of indigo to a 
pound of arsenic. It, therefore, follows that the coloured substance 
should not contain more than 70 per cent, of arsenious acid. The Act 
applies to all the colourless preparations of arsenic : but it is not to 
affect chemists in making up prescriptions for medical men, or in 
supplying medical men; nor is it to affect the wholesale dealers in 
supplying arsenic to retail shops, etc. The penalty for conviction is 
£20, or less.* 

§ 719. Dose. — The smallest single dose of arsenic known to have 
proved fatal to a human being is ‘16 grm, grains). Farriers and 
grooms are in the habit of giving as much as T3 grm. (20 grains) a day 
to a horse, so that the poisonous dose for this animal must be very large. 

The maximum dose for the horned cattle appears to be from ‘32 to 
‘38 grm, (5 to 6 grains) ; that for a dog is 16 mgrms, (£ grain), and 
even this may, in the smaller kinds, cause illness, 

* Commercial arsenic is often much adulterated, especially with gypsum, chalk, 
etc. These are most readily detected by subliming the arsenic. The sublimed 
arsenic itself may not be entirely pure, sometimes containing arsenical sulphide 
and antimonious oxide, 
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The following may be considered as danyerov. s done s of arsenic:- '1.5 
grm. (2 grains) for an adult; 1'9 grin. (30 grains) for a bum; '(it gnu. 
(10 grains) for a cow ; and 32 to 64 mgrms. ($ to 1 grain) for a dog. 

§ 720. Effects of Arsenious Acid on Plants.— If the rout or atom 
of a plant is immersed in a solution of arsenious acid, tho r hue of the 
leaves soou alters in appearance, the green colour becomes of a whitish 
or brownish liue, and the plant withers ; the effect being very similar to 
that produced by hot water. The toxic action may ho traced from 
below upwards, and analysis will detect minute quantities of arsenic 111 
all portions of the plant. 

It has, however, been shown by Gorup-IJesancz,* that if arsenious 
acid be mixed with earth, and plants grown in such earth, they only take 
up infinitesimal quantities of arsenic. Hence, in cases of cattle poison, 
iug, any defence based upon the alleged presence of arsenic in tin; pasture: 
will be more ingenious than just. 

The influeuce of arsenical fumes as evolved front rniinu factories upon 
shrubs and trees is in general insignificant. 1'iues and firs, live to six 
years old, have been known to suffer from a disease in which I here is n 
shedding of the leaves, the more tender herbage being at the same time 
affected. Whatever dangers the practice of steeping corn intended for 
seed in a solution of arsenious acid, as a preventive of “stunt,,” uuty 
possess, it does not appear to influence dcletorionsly tlu: growth of the 
future plant, 

Superphosphate of manure is freqnentlyrich in arsenic, .1 )v. Kdumud 
Davy asserts that plants to which such manure is applied take up 
arsenic in their tissues, and M, Andonard has made a similar statement., 
Tuson f has also undertaken some experiments, which confirm Andonard 
and Davy’s researches, The bearing of this with relation to the 
detection of arsenic in the stomachs of the herbivore needs no comment. 

§721. Effects on Anim al Life— Animalcules.— All infusoria ami 
forms of animalcule-life hitherto observed perish rapidly it a minute 
quantity of arsenious acid is dissolved in the water in which they exist . 

Insects, — The common arsenical fly-papers afford numerous opjx/r 
tunities for observing the action of arsenic on ordinary Hies ; wif bin n few 
minutes (five to ten after taking the poison into their digestive organs) 
they fall, apparently from paralysis of the wings, and die. -Spiders and 
all insects into which the poison has been introduced exhibit, a similar 
sudden death, It is said that in the neighbourhood of arsenical nitum- 
factories there is much destruction among bees and other forms of insect 
life, 

Annelids.— If arsenious acid is applied to the external mu-fare of 

* Annal. d. Chem/ie u. Pharmacies Bd. exxvii,, H. 12, *24 ri, 

+ Cooley’s Dictionary, Ait. u Arsenic.” 
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worms or leeches, the part which it touches perishes first, and life is 
extinguished successively in the others. If a wound is made first and 
the arsenious acid then applied to it, the effects are only intensified' and 
hastened. There is always noticed an augmentation of the excretions ■ 
the vermicular movements are at first made more lively, they t hen 
become languid, and death is very gradual. 

Birds. — The symptoms with birds are somewhat different, and varv 
according to the form in which the poison is administered, viz., whether 
as a vapour or in solution. In several experiments made by Eul enter" 
on pigeons, the birds were secured under glass shades, and exposed to 
the vapour of metallic arsenic vaporised by heat. It is scarcely neces- 
sary to remark that in operating in this way, the poisoning was not 
by metallic arsenic vapour, but by that of arsenious acid. One of these 
experiments may be cited ; — A pigeon was made to breathe an atmo- 
sphere charged with vapour from the volatilisation of metallic arsenic. 
The bird was immediately restless ; in thirty minutes it vomited 
repeatedly, and the nasal apertures were noticed to be moist ; after a 
little while, the bird, still breathing the arsenious acid atmosphere, was 
much distressed, shook its head repeatedly, and yawned ; in fifty minutes 
the respiration was laboured, and in fifty-nine minutes there was much 
vomiting, On removing the bird, after it had been exposed an hour to 
the vapour (T6 grm. of metallic arsenic having been evaporated in all), 
it rapidly recovered. 

Six days after, the pigeon was again exposed in the same way to the 
vapour, but this time ‘56 grm. of metallic arsenic was volatilised. In 
fifteen minutes there was retching, followed by vomiting, On taking it 
out after an hour it remained very quiet, ate nothing, and often puffed 
itself out ; the breathing was normal, movements free, but it had 
unusual thirst, On the second and third day the excretions were 
frequent and fluid ; the cardiac pulsations were slowed, and the bird was 
disinclined to move, On the fourth day it continued in one place, 
puffing itself out ; towards evening the respirations slowed, the beak 
gaping at every inspiration. On attempting flight, the wings fluttered 
and the bird fell on its head. After this it lay on its side, with slow, 
laboured respiration, the heart-beats scarcely to be felt, and death took 
place without convulsions, and very quietly. On examining the organs 
after death, the brain and spinal cord were very bloodless ; there were 
ecchymoses in the lungs ; but little else characteristic, The experiment 
quoted has a direct bearing upon the breathing of arsenical dust ; as, for 
example, that which floats hi the air of a room papered with an easily 
detached arsenical pigment, Other experiments on birds generally have 
shown that the symptoms produced by arsenious acid in solution, or in 
the solid form, in a dose insufficient to destroy life, are languor, loss of 
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appetite, and the voidance of large quantities of liquid excrete like 
verdigris. • With fatal doses, the bird remains quiet ; there are ilmd, 
sometimes bloody, excretions; spasmodic movements of the pharynx, 
anti'peristaltic contraction of the oesophagus, vomiting, general trcmb. 
ling of the body, thirst, erection of the feathers, and laboured respiration. 
The bird becomes very feeble, and the scene mostly closes with 
insensibility and convulsions. 

Mammals, such as cats, dogs, etc., suffer from symptoms fairly idea* 
tical with those observed in man ; but the nervous symptoms (according 
to P. Hugo) do not predominate, while with rabbits and guinea-pigs, 
nervous symptoms are more marked and constant.* There are vomiting, 
purging, and often convulsions and paralysis before death. It has been 
noticed that the muscles after death are in a state of great contraction. 
The slow poisoning of a dog, according to Lolliot,f produced an erythe- 
matous eruption in the vicinity of the joints, ears, and other parts of the 
body; there were conjunctivitis, increased lachrymal secretion, and 
photophobia ; the hair fell off. 

§ 722. Effects of Arsenious Acid on Man. — The symptoms produced 
by arsenious acid vary according to the form of the poison — whether 
solid, vaporous, or soluble — according to the condition of bodily health 
of the person taking it, and according to the manner in which it is intro- 
duced into the animal economy, while they are also in no small degree 
modified by individual peculiarities of organisation and by habit, as, for 
instance, in the arsenic-eaters. 

Arsenic-Eaters. — In all European countries grooms and horse-dealers 
are acquainted with the fact that a little arsenic given daily in the com 
improves the coat, increases, probably, the assimilation of the food, and 
renders the horse plump and fat, On the Continent grooms havo beeu 
known to put a piece of arsenic, the size of a pea, in a little oatmeal, 
make it into a ball, tie it up in a linen rag, and attach it to the hit ; the 
saliva dissolves, little by little, the poison, while both the gentle irritation 
and physiological action excite a certain amount of salivation, and the 
white foam at the mouth, and the champing of the horse, are thought 
vastly to improve the appearance, Shot, which contains a small quantity 
of arsenic, has been used for the same purpose, and from half a pound 
to a pound of small shot has been given to horses. When a horse has 
been for a long time dosed with arsenic, it seems necessary to continue 
the practice; if this is not doue, the animal rapidly loses his condition. 
The explanation probably is, that the arsenic stimulates the various cells 
and glands of the intestiual tract to a superaction, the natural termina- 
tion of which is an enfeeblement of their secreting power— this especially 

* Archivf exper. Path, u, PhanttoChoL,, Leipzig, 1882. 

t ttude Physiol, d’ Arsine, Thfcse, Paris, 1868. 
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in the absence of the stimulus. Turning from equine involuntary arsenic* 
eaters, we find the strange custom of arsenic-eating voluntarily pursued by 
the races of lower Austria and Styria, especially by those dwelling on the 
mountains separating Sty via from Hungary. In India also (and especially 
in the Punjaub) the same practice prevails, and here it is often taken as 
an aphrodisiac. The mountaineers imagine that it increases the respira- 
tory power, nor is there wanting some evidence to show that this is 
actually the fact, and medicinal doses of arsenic have been in use for 
some time in cases of asthma and other diseases of the chest The 
arsenic-eaters begin with a very small dose, which is continued for several 
weeks or months, until the system gets accustomed to it. The amount 
is then slightly augmented until relatively large doses are taken with 
impunity. In one case * it appears that a countryman, in good health, 
and sixty years of age, took daily 4 grains of arsenious acid, a habit 
which he had inherited from his father, and which he in turn bequeathed 
to his son, 

The existence of such a custom as arsenic-eating, in its literal sense, 
has more than once been doubted, but all who have travelled over Styria 
and other places where the habit prevails have convinced themselves 
that the facts have not been overstated. For example, Dr. Maclagan, in 
company with Dr. J. T. Rutter, t visited Styria in 1865, and having 
carefully weighed 5 or 6 grains of arsenic, saw these doses actually 
swallowed by two men. On collecting their urine, about two hours 
afterwards, abundant quantitative evidence of its presence was found ; 
but in neither of the men were there the slightest symptoms of poisoning. 
It is obvious that the existence of such a habit might seriously complicate 
any inquiry into arsenical poisoning in these regions. 

§ 723. Manner of Introduction of Arsenic. — Arsenious acid exerts a 
poisonous action, whether it is taken by the stomach, or introduced into 
the system by any other channel whatever. The differences in the 
symptoms produced by external application (as through a wound), and by 
swallowing arsenious acid in substance or in solution, are not so marked 
as might he expected. It was probably Hunter who first distinctly 
recognised the fact that arsenic, even when introduced outwardly by 
application to an abraded surface, exerts a specific effect on the mucous 
membrane of the stomach, Brodie X states, “ Mr. Home informed me 
that in an experiment made by Mr. Hunter himself, in which arsenic 
was applied to a wound in a dog, the animal died in twenty-four hours, 
and the stomach was found to be considerably inflamed. I repeated this 
experiment several times, taking the precaution of always applying a 

* Tardieu, op. cit . 

t Edin. Med. Jou.ni., April 1865 ; Brit, and Fm\ Med. Chir. Joum,, Oct. 1865. 

+ Phil. Trans., 1812. 

36 
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bandage to prevent the animal licking the wound. The result was that 
the inflammation of the stomach was commonly more violent and more 
immediate than when the poison was administered internally, and that 
it preceded in appearance the inflammation of the wound,” 

§ 724. Cases of Poisoning by the External Application of Arsenic. 
— A mass-poisoning by the external use of arsenical violet powder to 
infants occurred in England some years ago. Two deaths from this 
cause were established by coroners’ inquests.* Dr. Tidy found the violet 
powders used in the two cases to have the following composition • — 


1 . 2 . 

Percent. Percent. 

Arsenious Acid, . . . . . . 38 '5 38 ‘3 

Starch (Potato), . . . . . . 54 '8 55 '4 

Magnesia, etc. , . . , . . 6 ‘7 6 ‘3 1 


Although the children were poisoned by absorption through the skiu 
(unless it is allowed that some may have found its way in the form of 
arsenical dust into the throat, or, what is still more probable, that the 
infants may from time to time have seized the puff-ball and smelted it), 
the large quantity of ‘421 grm. (6'5 grains) of arsenious acid was 
separated in the one case, and T94 grm. (3 grains) in the other, In 
these cases arose the question which is sure to recur in legal inquiries into 
poisoning by absorption, viz., whether the poison lying 011 the surface 
and folds of the skin could not have been mixed during the post-mortem 
examination with the organs of the body? In these particular cases 
special care appears to have been taken, and the answer was satisfactory. 
It is not amiss, however, to call attention to the extreme precaution 
which such instances necessitate, 

A woman, aged 51, had used a solution of arsenious acid to cure 

* "Gleanings in Toxology,” by C. Meymott Tidy, M.B, — Lancet, Aug. 21, 
1878. 

+ Two recipes were handed in at tlie coroner’s inquest which pretty fairly represent 
the composition of ordinary commercial violet powder ; — 


First Quality, sold at 7s, per gross, 


Starch Powder, 

..... 

28 lbs. 

Magnesia, 

..... 

li lb. 

Orris-root, 

..... 

11b. 

Violet Perfume, 

..... . 

1 oz. 

Essence of Roses, ...... 

Second Quality, sold at 6s. per gross. 

5 drops. 

Terra Alba (Sulphate of Lime), .... 

14 lbs. 

Potato Starch, 

. 

21 lbs. 

Magnesia, 

. . 

3 lbs. 

Orris-root, 

. 

Hlb. 

Violet Perfume, 

..... 

oz. 

Essence of Roses, , 


5 drops. 
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the itch; erysipelas of the body, however, followed, and. she died after a 
long illness— one of the symptoms noted being trembling and p ai ' esig of 
the limbs * In a case recorded by Desgranges,t a young chambermaid 
had applied to the unwounded scalp an arsenical ointment for the purpose 
of destroying vermin. She also suffered from a severe erysipelas and 
the hair fell off. Quacks have frequently applied various arsenical pastes 
to ulcers and cancerous breasts with a fatal result Instances of this 
abound ; in one, a charlatan applied to a chronic ulcer of the le» an 
arsenical caustic ; the patient showed symptoms of violent poisonina°and 
died on the sixth day.J In another, a lady suffering from some form of 
tumour of the breast, applied to an unqualified practitioner, who made 
from fifteen to twenty punctures with a lancet in the swelling covered a 
piece of bread with an arsenical compound, and applied, the bread thus 
prepared to the breast. Twelve hours afterwards symptoms of violent 
gastric irritation commenced ; and vomiting and a sangrx indent diarrhcea 
followed, with death on the fifth day. Arsenic was found in all the 
organs. § Such examples might be multiplied. Arsenic has been in 
more than one case introduced criminally into the vagina with a fatal 
result. || bode re, e.g., has recorded the case of a maid. servant who 
poisoned her mistress by intentionally administering' several arsenical 
enemata.H Arsenlous acid again Iras been respired in the form of vapour. 
One of the best instances of this is recorded by Taylor, and was the sub' 
ject of a trial at the York Lent Assizes, 1864 . The px*isoner placed some 
burning pyrites at the doorway of a small room, in which there were 
eight children, including an infant in the cradle. The other children 
were removed speedily, but the Infant was exposed to fcbe vapour for an 
hour; It suffered from vomiting and diarrhcea, and died in twenty four 
hours. There was slight inflammation of the stomach, and intestines, the 
brain and lungs were congested, and the lining membrane of the trachea 
of a bright red colour. Arsenic was detected in the stomach, in the lungs, 
and spleen. The pyrites contained arsenic, and the fatal fumes were in 
effect composed of sulphurous and arsenious acids, 

* Belloc, Mid. ■ Leg. , t, iv, p, 124, 

f Rceucil tie la Soo. dc Mid. de Paris, t vi, p, 22, An, viL ; also Tardieu, Etude 
Med. * Ligale sur VEinpoisonncmcnt, Obs. xxvii. p, 457. 

+ Mean, Bibliothlque Mid., t. lxxiv., 1821, ji 401, 

§ Tardieu, op, ciL, Obs. xxix, ; Dr, Vernois, Ann d'Syg, et do Med. •Lijf, , t. 
xxxvi., 1st sen, p, 141, 1846, 

j! Ansiaulx, Clinique Chiritryicalc. Mangor {Acta Societ . Reg, Rafniens, iii, 
p. 178) gives the case of a man wlio poisoned his three wives successively with 
arsenic — the last two by introducing into the vagina a powder composed of flour and 
arsenic. Another similar case is related by Brisken. Mangor made experiments 
on males, showing that when arsenic is apjilied to the vagina, death may result 
from inflammation. 

U Mid.-Ligale, iv. 
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§ 725. Arsenic in Wall-Papers. — It Is now an accepted fact that 
arsenical colours on wall- papers cause illness. The symptoms are those 
of chronic poisoning, and present nothing distinctive from the effects 
produced from small doses of arsenic. 

KLirschgasser* has described the symptoms in detail of twenty-six 
cases. That arsenic is actually present in patients suffering is often 
susceptible of proof, by examining skilfully and carefully a considerable 
volume (from one to two days’ collection) of the urine ; in most of 
the cases thus examined arsenic has been discovered. This poisoning 
is produced, sometimes from the dust, at others from diethylarsine 
(C 2 H 5 )-AsH, a gas produced by moulds! such as Mucor mwedo, 
Aspergillus glaucus, and others growing in a medium in which arsenic 
is present. Gosio cultivated the Mucor mucedo on slices of potato 
arsenic free, in bulbs having a constriction in the neck ; in this con- 
striction, four centimetres away from the slices of potato, was packed some 
cottou wool impregnated with a weak solution of arsenic ; in time the 
mould crept up to and invaded the cotton wool. From this experiment 
Gosio ooucluded that the mould could grow on the surface of the paper 
turned to the wall, and that the mycellium could ' grow through the 
pores of paper and attack the arsenical colours in the wall side of 
the paper, Diethylarsine is a gas with a strong alliaceous odour ; it 
precipitates a hydrochloric acid solution of sublimate, forming crystals 
of diethylarsine -chloro-ruercurate, AsTI(C, J II.) 2 HgCl, ; the crystals 
fuse at about 240°, It also gives a precipitate with mercuric nitrate, 
As H(C 2 F J ) 2 (N0 3 ) 2 Hg etlxyharsiue-mercuric nitrate. 

The gas appears to be readily enough produced by the action 
of the common moulds upon organic matter in the presence of small 
amounts of arsenic ; the moulds vary in this property : Mucor mucedo 
and Asjiergillus glaucus react well ; on the contrary, Penidllium glaucum , 
Mucor ramosus, and several others have either no action, or tbe action 
is but slight. One mould, the PeniedUium brevicaule, has quite a special 
endowment in forming this peculiar arsenical compound ; so much so, 
that Gosio has proposed its use as a reagent for arsenic, the garlic odour 
being perceived when the fungus is made to grow in solutions containing 
organic matter and only traces of arsenic, 

§ 726. Forms of Arsenical Poisoning. — There are at least four dis- 
tinct forms of arsenical poisoning, viz., an acute, subacute, a nervous, 
and a chronic form. 

Acute Form, — All those cases in which the inflammatory symptoms 
are severe from the commencement, and in which the sufferer dies within 

* Vurtsljahr , /, gerieht, Med,, N, F,, lx. 96. 

t Gosio, Ardbioes Italicrm.cs de biologie, 1892. R Abel and P. Buttenberg, 
2eit,f Hygiene, 1899, 
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twenty-four hours, ruay be called acute. The commencement of the 
symptoms iu these cases is always within the hour ; they have been 
known, indeed, to occur within eight minutes, but the most usual time 
is from twenty minutes to half an hour. There is an acrid feelino- in 
the throat, with nausea; vomiting soon sets in, the ejected matters 
being at first composed of the substances eaten ; later they mav be 
bilious 'or even bloody, or composed of a whitish liquid. Diarrhoea 
follows and accompanies the vomiting, the motions are sometimes like 
those met with iu ordinary diarrhoea and English cholera, and -mme- 
times bloody. There is coldness of the extremities, with great feeble- 
ness, and the pulse is small and difficult to feel. The face, at first verv 
pale, takes a bluish tint, the temperature falls still lower ; the patient 
sinks in collapse, aud death takes place in from five to twenty hours 
after the taking of the poison. 

There can scarcely be said to be any clinical feature which distin- 
guishes the above description from that of cholera ; and supposing that 
cholera were epidemic, and no suspicious circumstance apparently 
present, there can be little doubt that a most experienced phvsiciau 
might mistake the cause of the malady, unless surrounding circum- 
stances give some hint or clue to it. Tn the acute form diarrhoea may 
be abseut, and the patient die, as it, were, from shock, ” This was 
probably the cause of death in a case related by Casper,* that of Julius 
Bolle, poisoned by his wife, lie took au unknown quantity of arsenic 
in solution at seven in the morning, and in about three-quarters of au 
hour afterwards suffered from pain aud vomiting, and died iu little more 
than three hours, There were no signs of inflammation in the stomach 
and intestines, bat from the contents of the stomach were separated 
'0132 grin, of arseuious acid, aud "00513 gi'm. from pieces of the liver, 
spleen, kidneys, lung, and blood. The dose actually taken is supposed 
not to have been less than "388 grm, {6 grains). 

§ 727, The Subacute Form,— The subacute form is that which is 
most common; it exhibits some variety of phenomena, and individual 
cases vary much in the matter of time, The commencement of 
symptoms is, as in the most acute form, usually within the hour, but 
exceptions to this rule occur. In a case quoted by Taylor, f" and re- 
corded by M. Tonnelier, the poison did not cause any marked illness for 
eight hours ; it was found, on post-mortem examination, that a cyst had 
been forme d in the stomach which sheathed the arsenic over, and in 
some degree explained this delay, In another case, again, ten hours 
elapsed, and this is considered to be the maximum period yet observed. 


* Case 188 in Casper’s PJmuZbuch. 

t Taylor’s Principles and Practice of Jurisprudence, vol. i. p. 251 ; Flandin, 
vol, i. p. 535. 
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As with the acute form, there is a feeling of nausea, followed by vomit- 
ing, which continues although the stomach is quite empty ; at first the 
ejected matter is a watery fluid, but later it may be streaked with 
blood. The tongue is thickly coated; there is great thirst, but the 
drinking of any liquid (eveu of ice-cold water) increases the vomiting. 
Nearly always pain is felt in the epigastrium, spreading all over the 
abdomen, and extending to the loin (which is tense and tender on 
pressure). Deglutition is often painful, and is accompanied by a sort 
of spasmodic constriction of the pharyngeal muscles. Diarrhoea follows 
the vomiting, and has the same characters as that previously described ; 
occasionally, however, this feature is absent. In the case recorded by 
Martineau,* a man, aged 25, was seized at 10 a.m. suddenly with vomit- 
ing, which persisted all that day and the next, during which time the 
bowels were obstinately confined. On the second day a purgative was 
administered, whereupon diarrhoea set in, and continued until his death, 
which occurred in about two days and sixteen hours from the com- 
mencement of the symptoms. This case is also remarkable from the 
absence of pain or tenderness of the abdomen. 

In subacute cases the urine has several times been suppressed, and 
it is generally scanty and red in colour. Irregularity of the heart’s 
action and feebleness are tolerably constant phenomena. As the end 
approaches, there is excessive muscular weakness, the face is pale, the 
eyes hollow ; the mucous membranes first, and then the skin, take a 
bluish tint ; the skin itself is covered with perspiration, and there has 
been noticed a peculiar odour, which has been likened to arsine (aiseniu- 
retted hydrogen), The respiration is troubled, convulsive movements of 
the limbs have been observed, and cramps in the calves of the legs ; 
death follows in a variable time — from twenty-four hours to several 
days. In certain cases there is a curious remission after violent 
symptoms, the patient rallies and seems to have recovered ; but the 
appearance is deceptive, for the symptoms recur, and death follows. 
Recovery may also take place partially from the primary effects, and 
then inflammatory changes in the stomach, etc., set in, with fever and 
the ordinary symptoms which are common in all internal inflammation. 

A single dose of arsenious acid may cause a prolonged aud fatal 
illness, one of the best known examples being that of the suicide of the 
Ducde Praslin,f who took, with suicidal intent, on Wednesday, August 18, 
1847, a dose of arsenious acid. The exact time of the act could not be 
ascertained, but the first effects appeared at 10 p.m, ; there were the 
usual signs of vomiting, followed on the next day by diarrhoea, fainting, 

* Tardieu, op, cit,, Obs, six. 

t Tardieu, “Relation Medieo-Legale de l’Assassinat dela Dueliesse de Praslin,” 
Ann, d’Hyg, Pub. et de MM-ico-Ug,, 1847, t. xxxviii. p. 390 : also op, cit,, Obs. xi. 
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and extreme feebleness of the pulse. On Friday there was a remission 
of the symptoms, but great coldness of the limbs, intermittency and 
feebleness of the heart’s action, and depression. On Saturday there was 
slight fever, but no pain or tenderness in the abdomen, vomiting, or 
diarrhcea ; on this day no urine was passed. On the Sunday he com- 
plained of a severe constriction of the throat, and degdutition was 
extremely painful ; thirst was extreme, the tongue intensely red, as well 
as the mucous membrane of the mouth and pharynx, aud the patient 
had a sensation of burning from the mouth to the anus. The abdomen 
was paiuful and distended, the heat of the skin was pronounced, the 
pulse frequent and irregular, — sometimes strong, at others feeble, — the 
bowels had to be relieved by injections, the urine was in very small 
quantity; during the night there was no sleep. The duke died at 
4,35 a.m. on Tuesday the 24tih, the sixth day; intelligence was retained 
to the last. As the end approached, the respiration became embarrassed, 
the body extremely cold, and tire pulse very frequent. 

§ 728. In the nervous form the ordinary vomiting and purging are 
either entirely suppressed, or present in but feeble degree ; and under 
this heading are classed the rare cases in which, in place of the ordinary 
symptoms, affections of the nervous system predominate. Narcotism, 
paresis, deepening into paralysis, delirium, and even acute mania, as well 
as epileptiform convulsions, have all been recorded. In short, the 
symptoms show so much variety, that an idea of the malady produced 
in this very rare form can only be obtained by studying the clinical 
history of cases which have presented this aspect. In a case recorded 
by Guilbert,* a man, thirty-five years of age, had swallowed a solution 
of arsenic, half of which was immediately rejected by vomiting, A 
little while afterwards his respiration became laborious ; the eyes were 
bathed with tears, which were so acrid as to inflame the eyelids and the 
cheeks ; the muscles of the face were from time to time convulsed ; he 
perspired much, and the perspiration had a foetid odour ; there was some 
diarrhcea, the urine was suppressed, and from time to time he was 
delirious. Afterwards the convulsions became general, and the symptoms 
continued with more or less severity for five days. On the sixth a 
copious miliary eruption broke out, and the symptoms became less 
severe. The eruption during fifteen days every now and again re- 
appeared, and at the end of that time the patient was convalescent, 
but weak, liable to ophthalmia, and had a universal trembling of the 
limbs. 

In one of Brodie’s f experiments on rabbits, 7 grains of arsenious 

* Journal de Fan dcr Monde , 1756, t. iv, p, 353 ; Tardieu, op, cit ., Obs. xiii, 
p. 430. 

t “ The Action of Poisons,” Phil , Trans,, 1812. 
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acid were inserted in a wound in the back ; the effect of which was to 
paralyse the hind legs. In other experiments on animals, paralysis of 
the hind legs has been frequently noticed, but paralysis certainly is 
rare in man ; in the case, however, recorded by Barrier,* of the five 
men who took by mistake a solution of aisenious acid, one of them 
was found stretched on the ground with the inferior extremities 
paralysed. 

In a case of “mass” poisoning reported by Dr. Coqneret, t three 
persons ate by mistake an unknown quantity of arsenious acid — two of 
them only suffered slightly, but the third severely, vomiting' occurring 
almost immediately, and continuing with frequency until the eud of the 
fourth day, Two hours after swallowing the poison, the patient took 
the hydrated oxide of iron as an antidote, On the sixth day there was 
stupor and a semi-delirious state, with an eruption of a pustular 
character compared to that of the smallpox. These symptoms con- 
tinued more or less until the fifteenth day, when they diminished, and 
ultimately the patient recovered, In a case related by TnrdieuJ, in 
which a person died on the eleventh day from the effects of the poison, 
towards the end, as a specially marked symptom, there was noted 
hyperaesthesia of the inferior extremities, so that the least touch was 
painful. 

§ 729. Absence of Symptoms. — In a few cases there have been a 
remarkable absence of symptoms, and this both in man and animals. 
Seven horses were fed with oats accidentally mixed with arseniate of 
soda. The first succumbed three hours after taking the poison, without 
having presented any symptom whatever ; he fell suddenly, and iu a 
short time expired. § It is related by Orfila|| that a woman, aged 27, 
expired in about twelve hours from a large dose of arsenious acid ; there 
were the usual post-mortem appearances, but in life no sign of pain, no 
vomiting, and but little thirst. 

§ 730. Slow Poiso n ing. — Slow poisoning has been caused accidentally 
by arsenical wall-paper, in the manufacture of arsenical pigments, by the 
admixture of small quantities of arsenic with salt or other condiments, 
and repeated small doses have been used for criminally producing a fatal 
illness intended to simulate disease from natural causes. The illness 
produced by small intermittent doses may closely resemble in miniature, 
as it were, those produced by large amounts ; but, on the other hand, 
they may be different and scarcely to be described otherwise than as a 

* Journ, de Midccinc, 1783, p. 353 ; Tardien, op. cit., Obs, xiv, p, 431. 

t Journ. de Connaiss, Mid. Chiriirg., 1839, p, 155; Tardieu, op. cit., Obs. xv. 
p. 482. 

+ Op. cit., Obs. xvii, p, 434. 

§ Bouley (Jeune), Ann. d’Hyg. el dc MidicO'Lig., 1834, t, xli. p. 393. 

II Tomei., Obs. iv. p. 314. 
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general condition of ill-health and malaise. In such cases there is loss 
of appetite, feebleness, and not unfrequently a slight yellowness of the 
skin. A fairly constant effect seen, when a solution of arsenious acid is 
given continuously for a long time, is an inflammation of the con- 
junctivae, as well as of the nasal mucous membrane — the patient com- 
plains of ‘'always having a cold.” This inflammatory action also affects 
the pharynx, and may extend to the air-passages, and even to the lung- 
tissue. At the same time there is often seen an exanthem, which has 
received a specific name — “eczema arsenicale,” Salivation is present, the 
gums are sore, at times lacerated. In chronic poisoning by arsenic, 
nervous symptoms are almost constant, and exhibit great variety ; there 
may be numbness, or the opposite condition, hyperaesthesia, in the ex- 
tremities In certain cases faiutiug, paresis, paralysis, and sometimes 
convulsions occur; towards the end a sort of hectic fever supervenes, 
and the patient dies of exhaustion. 

§731. The Maybriek Case.*— The Maybriek ease may be considered an example 
of poisoning extending over a considerable period of time: — Mr, James Maybriek, a 
Liverpool cotton -broker, aged 49, married Florence Elizabeth, an American lady, 
aged 21. They had two children. The marriage proved an unhappy one. Some 
two years before his death in May 1S89 they had occupied two separate rooms. 
Seven weeks before the husband’s death, Mrs. Maybriek went to London on a false 
pretext, and lived for some days at an hotel, ostensibly the wife of another man. 
Two days after her return, Mr, and Mrs. Maybriek attended the Grand National 
race meeting, and there a serious quarrel arose between them respecting the man 
with whom she had cohabited in London; they returned from the race, each 
separately, and she slept apart Next day au apparent reconciliation took place 
through the intervention of Dr. Fuller, the family medical attendant 

On or about April 12- 19th, 1889, Mrs. Maybriek purchased arsenical fly-papers. 
On April 13-20th Mr, Maybriek visited London, and consulted Dr. Fuller for dyspepsia, 
who prescribed uux vomica, acids, and mild remedies (but no arsenic) ; in one bottle 
of medicine; ostensibly made according to Dr. Fuller’s prescription, arsenic was 
subsequently found. 

Up to Saturday, April 27th, Mr. Maybriek was in his usual health ; lie was then 
sick, numbed, and in pain, and had cramps ; he told his clerk he had been au hour 
in the water-closet, but whether for diarrhcea or constipation does not appear; he 
ascribed the symptoms to an overdose of Fuller’s medicine. About this date fly ■ 
papers were found by the servants soaking in Mrs. May brick’s bedroom in a sponge- 
basin, carefully covered up. On the 29th she again purchased two dozen fly -pa pel's 
from another chemist On Apiil 28th Mr, Maybriek was sick and ill; at 11 a. si. 
Dr. R. Humphreys was called in ; Mr. Maybriek complained of a peculiar sensation 
about his heart, and said he was in dread of paralysis. He attributed his illness to 
a strong cup of tea taken before breakfast On the following day he Was better, and 
on the 30th still improving. On May 1st and 2nd Mr. Maybriek went to liis office 
and lunched, both days, off revalenta food, prepared at home and warmed at his office 
iu a new saucepan purchased for the occasion ; on one of these days the lunch was 
forgotten, and was sent to Mr. Maybriek by his wife ; and on one of the two days, 


* “ The Maybriek Trial and Arsenical Poisoning,” by Thos. Stevenson, M.D., 
Guy’s Bosp. Rep., 1889. 
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it is not clear which, Mr. Maybrick complained that his lnneh did not agree with 
him, and he attributed it to inferior sherry put into his food. 

In a jug found at the office, and in which food had been taken there, a trace of 
the food still remained after Mr. Maybrick’s death, and arsenic was found therein. 

On May 3rd the last, fatal illness set in. It is uncertain what food he had after 
breakfast; he went to the office, and returned home between 5 and 6 p. M. He had 
been seen by Dr. Humphreys in the morning, and appeared then not quite so well ; 
he found him at midnight suffering from what he thought was severe sciatica ; the 
patient said he had been sick from revalenta. On May 4th he was continually sick, 
nothing could be retained on the stomach, but the sciatic jiarn was gone ; on May 5th 
the vomiting continued, the patient complained of the sensation of a hair sticking in 
the throat, and of a filthy taste in the mouth. The throat and fauces were only 
slightly reddened, the tongue was furred. 

On May 6th there was less vomiting, but otherwise the condition was the same, 
and Fowler’s solution ordered, but only a quantity equal to jJ-j grain was actually 
taken. 

May 7th the condition was improved, but there was no increase of power. Dr. 
W. Carter was called in consultation. The vomiting was passing away, and diarrhoea 
commencing. The throat was red, dry, and glazed ; there were incessant attempts 
to cough up an imaginary hair. No cramps, no pain in the stomach or intestines, 
nor conjunctivitis. On this day the first direct evidence of diarrhcca is recorded, the 
medical men actually seeing a loose motion. The result of the consultation was that 
Mr. Maybrick must have taken some irritant in liis food or drink. 

On the 8th a professional nurse took charge. During the 8th and 9th severe 
tenesmus set in with diarrhoea, and blood was observed in the feces. Now arsenic 
was suspected, the urine was examined by Dr, Humphreys, and a rough analysis was 
made of some Neaves’ food which the patient had been taking. 

The patient died on the 10th, at 8,30 p.m. 

The post-mortem appearances wereas follows ; — 

The tongue was dark, the top of the gullet slightly red, but otherwise healthy, 
save at the lower end, where the mucous membrane was gelatinous, aud was dotted 
over with black dots, like frogs’ spawn. 

There was a small shallow ulcer in the mucous membra neof thelarynx at the back 
of the epiglottis, The free margin of the epiglottis was rough aud eroded ; aud on 
the posterior aspect of the cricoid cartilage there were two small red patches. In the 
stomach were from 5-6 ozs. of brownish fluid. At the cardiac end there was a large 
vermilion-red patch, interspersed here and there with small dark eechymoses (spoken 
of by Dr, Humphreys as a flea-bitten appearance) ; to this followed a non-inflamed 
space, and near the pyloric orifice, aud extending 2 inches from it, was another red 
inflamed portion of mucous membrane, In the small intestine the mucous membrane 
was red aud inflamed, from 3 inches below the pylorus to about 3 feet downwards. 
About 18 or 20 feet lower down, i. e. , a little below the ileo -eajcal valve, the mucous 
membrane was again inflamed to a less extent over a space of about two feet ; the 
lower end of the rectum was also red aud inflamed. No arsenic was found in the 
stomach or its contents, or in the spleen, Arsenic was present in the liver, in the 
intestines, and in the kidneys, The quantity separated altogether amounted to over 
01 grain, The liver weighed 48 ozs., and from 12 ozs. of the liver 0'076 grain of 
arsenic, reckoned as As 2 0 3 , was separated. 

The wkolecourse of the symptoms and the post-mortem examination showed that 
the deceased died from an irritant poison ; and from the fact of a small quantity of 
arsenic having been found in the body, there can be little doubt but that the poison 
was arsenic. The symptoms were somewhat anomalous, but not more so than in 
other recorded cases of undoubted arsenical poisoning. The facts that tended to 
connect the accused with the death were as follows; — On the night of either May 
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9th or the 10th Mrs. Mayhvick was observed to remove from the table an opened 
bottle of Valentine’s meat juice, and take it into an inner dressing-room, and then 
replace it — the acts being surreptitious. In replacing it, she was observed to take it 
either from the pocket of her dressing-gown or from an inner pocket. The lining of 
this pocket was found to be impregnated with The juice was found to contain 

0‘5 grain As 2 O s , and tire liquid was of lower gravity than commercial juice i it had 
probably, therefore, been diluted. 

The following is a list of things containing arsenic 

1. Mrs. Maybrick’s dressing.gowu. 

2. ,, apron. 

3. A handkerchief wrapped around a bottle. 

4. Packet of arsenic "for cats.” (Arsenic us acid mixed With charcoal.) 

Tumbler containing milk, with handkerchief soaking in it ; at least 

20 grains of Asj 0 3 in the tumbler mixed with charcoal. 

5. A portion of a handkerchief. 

6. A bottle containing a strong solution of arseiuous acid and several grains of 

undissolved arsenious acid. 

7. A bottle containing from 15-20 grains of solid arsenic and a few drops of 

solution. 

8. A saturated solution of arsenious acid and some solid arsenious add. 

9. Valentine’s meat juice. 

10. Price’s glycerin ; § graiu in the whole bottle. 

11. A bottle containing 0‘1 grain of arsenious acid. 

12. A bottle from Mr. Maybriek’s office containing a few drops of medicine pre. 

scribed by Dr. Fuller (decidedly arsenical). 

13. Jug from the office with remains of food. 

14. Sediment from trap of w.e. and lavatory drain containing As. 2 0 3 . 

Mrs. Maybrick was convicted, but afterwards the sentence was commuted to 
penal servitude for life. 

§ 731a. Poisoning by Arsenical Beer. — The mass poisoning by arsenical beer, 
due iu the first place to the use of arsenical glucose, which occurred in Lancashire 
and the Midland counties iu 1890, gives excellent material for the study of the 
effects of chronic poisoning by arsenic, the more especially siuce the doses were small, 
but continued daily for months ; it may be objected that the symptoms and patho- 
logical changes cannot be ascribed eutirely to the effects of arsenic, but are mixed up 
aud confused with those produced by alcohol. This is true with regard to a proportion 
of the eases, but the curious fact has been put on record that the peripheral neuritis 
observed was confined to the beer drinkers. Heavy drinkers of spirits in the same 
locality and in the same class of life, so long as they did not drink beer, were 
unaffected. 

Tlie chief featuie of the outbreak was peripheral neuritis. A severe case 
recorded by Dr. Kelynack and Mr. Kirby * may be considered as typical of a large 
number. 

The patient, a woman of 39, liad been hi the habit of drinking at least 
one pint of beer daily, and occasionally two pints ; the beer was found to contain 
ifo, grain of AsaO.) per pint. For some time she had noticed a watery discharge from 
the nose and eyes j about six weeks after this she became aware of a. brown dis- 
coloration of tie left side of the neck aud left shoulder ; this subsequently extended 
over the whole body ; the skin peeled off' tlie forearm and hands In about twelve 
weeks she felt tenderness aud pain iu tlie soles of the feet, with sensations of "pin. 
and needles.” Walking became painful; gastric symptoms then developed; there 
was vomiting and some diarrhoea ; in about 5^ mouths she became too weak to leave 


Arsenical Poisoning in Beer Drinkers, Loudon, 1901. 
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lier bed, and had hoarseness of voice aud troublesome cough ; the nails were thickened, 
and there was considerable general branny desquamation. 

In a good many other cases with or without pigmentation there we>'C herpetic 
erythematous papular or vesicular eruptions. In some there was quite an extra, 
ordinary thickening of the cuticle of the hands and feet Nervous symptoms were 
mostly prominent, and in bad cases complete paralysis occurred. 

It was, however, socially observed that in the majority of the patients there 
was uo conspicuous gastrodntestiual derangement, Hence the only evidence of 
arsenical poisoning was peripheral neuritis, with pigmentation or other affections of 
the skin. 

During the epidemic the urine of many of the patients was examined ; in a few 
cases only was arsenic found. On the other hand, the hair and scales from the skin 
when examined yielded evidence of arsenic, 

§ 732. Post-mortem Appearances in Animals.— P, Hugo* has 
made some researches as to the pathological appearances met with 
in animals, His experiments were made on seven dogs, eight 
guinea-pigs, five rabbits, two pigeons, and five cats — all poisoned 
by arsenious acid, According to Hugo, so far as these animals 
were concerned, changes were more constant in the intestine than 
in the stomach. 

Stomach, — Clranges in the mucous membrane were especially 
noticed in the great curvature and towards the pylorus ; the pylorus 
itself, and a part of the cardiac portion, remained unchanged. The 
mucous membrane in dogs aud cats was red, with a tinge of "blue — 
in many cases the redness was in streaks, with injection of the 
capillaries. The stomach of plant-eaters was less altered, and a 
microscopical examination of the mucous tissues did not show any 
fatty change. 

The Intestines. — In dogs and cats changes were evident ; in rabbits 
and guinea-pigs they were not so marked, but the intestines of the last 
were extremely tender and brittle, very moist, and filled with a slimy, 
serous, grey-white fluid ; nevertheless, the changes in all these animals 
appear to be of essentially the same nature. The most striking effect, is 
the shedding of a pseudo- membrane ; hi quite recent cases there is a 
layer of from 1 to l-£ mm. wide of a transparent, frog-spawn-like jelly 
streaking the intestine. In later stages it becomes thicker, while 
occasionally it resembles a diphtheritic exudation. The mucous 
membrane itself is deep pnrple-red, showing up by the side of the 
pseudo -membrane. With regard to the villi, the epithelial layer is 

detached, and the capillary network filled with blood and enlarged. 

The Liver. — Hugo met only occasionally with fatty degeneration of 
the liver, but there was marked steatosis of the epithelium of the gall- 
bladder of dogs, A fact not prominently noticed before, is (at all events, 
in dogs) a serous transudation into the pleural sac and cedema of 
* Archiv f. exper. Pathol, u Pharmakol., Leipzig, 188J. 
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the lungs; the exudation may be excessive, so that more than 100 c.e. 
of serous fluid can be obtained from the thorax ; there is also usually 
much fluid in the pericardium. In two of Hugo’s experiments there 
was fluid in the cerebral ventricles ; and in all there was increased 
moisture of the brain substance with injection of the capillary vessels, 
especially of the pia. 

§ 733. Post-mortem Appearances in Man, — A remarkable preserva- 
tion of the body is commonly, but not constantly, observed. When it 
does occur it may have great significance, particularly when the body is 
placed under conditions in which it might be expected to decompose 
rapidly. In the celebrated Continental case of the apothecary Speichert 
(1876), Speichert’s wife was exhumed eleven months after death. The 
coffin stood partly iu water, the corpse was mummified. The organs 
contained arsenic, the churchyard earth no arsenic. R. Koch was 
unable to explain the preservation of the body, under these conditions, 
in any other way than from the effect of arsenic ; and this circumstance, 
with others, was an important element which led to the conviction of 
Speichert. 

When arsenious acid is swallowed in substance or solution, the most 
marked change is that in the mucous membrane of the stomach and 
intestines ; and, even when the poison has been absorbed by the skin 
or taken in any other way, there may be a very pronounced inflammatory 
action. On the other hand, this is occasionally absent. Orfila * relates 
a case in which a man died in thirteen hours after having taken 12 grms. 
of arsenious acid : — “ The mucous membrane of the stomach presented 
in its whole extent no trace of inflammation, no redness, and no altera- 
tion of texture,” Many other similar cases are on record ; and, according 
to Harvey’s statistics, iu 197 cases, 36 (about 18'2 per cent.) presented 
no lesion of the stomach. 

The usual changes produced by arsenious acid may be studied in 
the museums of the London hospitals. In Guy’s Hospital Museum 
there are three preparations, In preparation 179 S 32 is seen a large 
stomach with the mucous membrane at certain points abraded, and at 
the great curvature the whole coats are thinned ; it is also somewhat 
congested, In preparation 1798°* is a portion of coagulated lymph, 
from the stomach of a lad, aged 14, who had taken accidentally a piece 
of cheese charged with arsenious acid, prepared for the purpose of 
destroying rats. He lived twenty-eight hours, and presented the 
ordinary symptoms. The lymph has a membranous appearance, and 
the rugae of the stomach are impressed upon it. It is said when recent 
to have presented numerous bright bloody spots, although there was no 
visible breach of substance on the surface of the stomach. The mucous 

* Tome i, Obs, v, 
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membrane of the stomach. is stated to have been injected, and there was 
also diffuse injection of the duodenum. Preparation 1798 s0 is the 
stomach of a person who survived thirteen hours after taking a fatal 
dose of arsenious acid ; and in the same museum there is a wax: model 
of the appearances which the fresh preparation exhibited, showing a 
large oval patch coated with mucus and the poison. The stomach was 
intensely inflamed, the caecum injected. The rest of the intestine was 
healthy. 

In the museum of University College there are two preparations, 
one* exhibiting intense swelling and congestion of die gastric mucous 
membrane, which is of a perfectly vermilion colour. Another pre* 
paration (No. 286S) shows the effect of a small dose of arsenic on the 
stomach; there are spots of arborescent extravasation, and slight com 
gestion of the summits of the rugae, but in other respects it is normal. 
There is also a cast of Peyer’s patches from the sarae case, showing 
great prominence of the glands, with some injection of the intestinal 
mucous membrane. 

In St Thomas’ Hospital there is an interesting pre; «, ration (No. 8) 
showing the gastric mucous membrane dotted all over with minute 
ulcers, none of which have an inflammatory zone.f The writers have 
not, however, seen in any museum a preparation of the curious emphyse- 
matous eoudition of the mucous membrane, which has more than once 
been met with. For example, in a case related by Tardien,j: Schwann, 
a labourer, died from the effects of arsenic in thirty'Six hours. The 
autopsy showed that the mucous membrane of the stomach and small 
intestiue was covered with a pasty coating, and was elevated in nearly 
its whole extent by bullae filled with gas, forming true emphysematous 
swellings which encroached upon the diameter of the intestine. There 
was neither redness nor ulceration, but the mucous membrane was 
softened. 

The senior author saw, many years ago, at Barnard Castle, an 
autopsy made on a gentleman who died from arsenic. In this case 
the mucous membrane of the stomach presented a peculiar appear- 
ance, being raised here and there by little blebs, and very slightly 
reddened, 

§ 734. The inflammatory and other changes rarely affect the gullet. 
Brodie § never observed inflammation of the oesophagus as an effect 
of arsenic ; bnt, when arsenic is swallowed in the solid state, as in the 


* This preparation at the time of visit had no number. 

t Tn a case Elated hy Orfila, t, i, Obs, xv,, death resulted from the outward 
application of arsenic ; the mucous membrane of the stomach was natural in colour', 
but there were four ulcers, one of which was 50 centimetres in diameter, 
t Op . cit., Ohs. i. p. 468, § put Trans,, 1812. 
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suicide of Soufflard, graphically described by Orfila,* it may be affected. 
In Soufflard’s case there was a vivid injection of the pharynx and 
gullet. 

In many instances, when the arsenic has been takeu in the solid form, 
the crystals with mucus and other matters adhere to the lining membrane. 
One of the authors has seen in the stomach of a horse, poisoned by an ounce 
of arsenic, an exquisite example of this. The inflammatory changes may 
he recognised many months after death owing to the antiseptic properties 
of arsenic ; nevertheless, great caution is necessary in giving an opinion, 
for there is often a remarkable redness induced by putrefactive changes 
in healthy stomachs. Casper, f on this point, very justly observes ; — “ If 
Orfila quotes a case from Lepelletier, in which the inflammatory redness 
of the mucous membrane of the stomach was to be recognised after nine 
mouths’ interment, and if Taylor cites two cases in which it was observed 
nineteen and twenty-one months after death respectively, this is in 
contradiction of all that I, on my part, have seen in the very numerous 
exhumed corpses examined by me in relation to the gradual progress 
of putrefaction aud of saponification, and I cannot help here suspect- 
ing a confusion with the putrefactive imbibition redness of the mucous 
membrane.” 

If examined microscopically, the liver and kidneys show no change 
save a fatty degeneration and infiltration of the epithelial cells, In the 
muscular substance of the heart, under the endocardium, there is almost 
constantly noticed ecchymosis. In the most acute cases, in which a 
cholera-like diarrhoea has exhausted the sufferer, the blood may be 
thickened from loss of its aqueous constituents, and the whole of the 
organs will present that singularly dry appearance found in all cases in 
which there has been a copious draining away of the body fluids. In 
the narcotic form of arsenical poisoning, the vessels of the brain have 
been noted as congested, but this congestion is neither marked nor 
pathognomonic. Among the rare pathological changes may be classed 
glossitis, in which the whole tongue lias swollen, and is found so large 
as almost to fill the mouth, This has been explained, in one case, as 
caused by solid arse nious acid having been left a little time in the mouth 
before swallowing it, On the other hand, it has also been observed 
wheu the poison has been absorbed from a cutaneous application, When 
arsenic has been introduced into the vagina, the ordinary traces of 
inflammatory action have been seen, and, even without direct contact, 
an inflammation of the male and female sexual organs has been recorded, 
extending so far as gangrene, As a rule, putrefaction is remarkably 
retarded, aud is especially slow in those organs which contain arsenic ; 
so that, if the poison has been swallowed, the stomach will retain its 
* T, i. p, 319. t Handbuch, vol, ii. p. 420. 
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form, and, even to a certain extent, its natural appearance, for an 
indefinite period. In corpses long buried of persons dying from arsenical 
poisoning, the ordinary process of decay gives place to a saponification, 
and such bodies present a striking contrast to others buried in the 
same graveyard. This retardation of putrefaction is what might, a 
; priori , be expected, for arsenic has been long in use as a preservative of 
organic tissues. 

§ 735. Physiological Action of Arsenic. — The older view with 
regard to the essential action, of arsenic was, without doubt, that the 
effects were mainly local, and that death ensued from the corrosive 
action ou the stomach and other tissues — a view which is in its entirety 
no longer accepted ; nevertheless, it is perfectly true that arsenic has a 
corrosive local action ; it will raise blisters on the skin, will inflame the 
tongue or mucous membranes with which it comes in contact ; and, in 
those rapid cases in which extensive lesions have been found in the 
alimentary canal, it can hardly be deuied that instances of death have 
occurred more from the local than the constitutional action. In the vast 
majority of cases, however, there is certainly insufficient local action to 
account for death, and we must refer the lethal result to a more profound 
and intimate effect on the nervous centres. The curious fact that, when 
arsenic is absorbed from a cutaneous surface or from a wound, tbe 
mucous membrane of the stomach inflames, is explained by the absorption 
of the arsenic into the blood and its separation by the mucous membrane, 
in its passage exerting an irritant action, The diarrhoea and hyperamia 
of the internal abdominal organs have been referred to a paralysis of 
the splanchnic nerves, but Esser considers them due to an irritation of 
the ganglia in the intestinal walls, Binz has advanced a new and 
original theory as to the action of arsenious acid ; lie considers that the 
protoplasm of the cells of many tissues possesses the power of oxidising 
arsenious acid to arsenic acid, and this arsenic acid is again, by the same 
agency, reduced to arsenious acid. In this way, by the alternate oxidation 
and reduction of the arsenious acid, the cells are decomposed, and a 
fatty degeneration takes place. Thus arsenic causes fatty changes in 
the liver, kidney, and other cells by a process analogous to the action of 
phosphorus. T. Araki* also considers that both arsenic and phosphorus 
lessen oxidation, and points out that lactic acid appears in the urine 
when either of these poisons are taken, such acid being the result of 
insufficient oxidation, A notable diminution of arterial pressure has 
been observed. In an experiment by Hugo f '03 grin, of As 2 0 3 was 
injected intravenously, the normal arterial pressure being 178 mm. 
Ten minutes after injection the pressure sank to 47 mm. ; in sixteen 
minutes it again rose to 127 mm, Accumulative action of arsenic 

* Zeit , physiol . Chevi ., xvii, 311-339, t Op. at . 
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does not occur. Hebra has given, in skin diseases, durirxo- 
a total quantity of 12 gras, without evil result. ^ man ' V mon ths 

§ 736. Elimination of Arsenic.— Arsenic is separated ■ ,- 

the urine,* then through the bile, and by the skirt strid^hl'i^ ^Th 
eruption often observed on the skin has been referred E0 che J<? 
action of small quantities of arsenie in this way eliminated °'t 
is found in the urine first after from five to six fctours lrr tl ' 
elimination from a single dose is not finished till a period of' from fi ■*" 
to eight days ; it has often been looked for twelve days after taking ■ ° 
but very seldom found. According to Vi tali, the arsenic in the urine 
is not free, but probably displaces phosphorus in phosplio.o-lvcerie 'mid • 
possibly it may also replace phosphorus in lecithin. 

§ 737. Antidote and Treatment.— In any case in which there is 
opportunity for immediate treatment, ferric hydrate should be admins- 
tered as an antidote. Ferric hydrate converts the soluble arseuious 
add into the insoluble ferric arseniate, the ferric oxide bein'* reduced 
to ferrous oxide. It is necessary to use ferric try <3. rate reeentlv 
prepared, for if dried it changes into an oxyliydnxte, or even if 
kept under water the same change occurs, so that (according to 
the experiments of Messrs. T. <fc H, Smith) after four months the 
power of the moist mass is reduced to one-half, and 
months to one-fourth. 

It is obvious that ferric hydrate is not in the true sense of the word 
an antidote, for it will only act when it comes in contact with the 
arsenious acid; and, when once the poison has been removed from the 
stomach by absorption into the tissues, the administration of the 
hydrate is absolutely useless. Ferric hydrate may be readily prepared 
by adding strong ammonia to the solution or tincture of ferric chloride, 
found in every medical man’s surgery and in every chemist's shop, care 
being taken to add no caustic excess of ammonia: the liquid need not 
be filtered, but should be at once administered, With r-egard to other 
methods of medical treatment, they are simply those suggested by the 
symptoms and well-known effects of the poison. When absorbed, the 
drinking of water in excess cannot but assist its elimination by the 
kidneys, 

§ 738. Detection of Arsenic. — The analyst may la. axe to identify 
arsenic in substance, in solution, in alloys, in wall-papers, in earth, and 
in various animal, fatty, resinous, or other organic matters 

* An old experiment of Orfila’s has some practical bearings, and may be cited 
here. A dog was treated by 12 grm. of arsenious acid, and supplied plentifully 
with liquid to drink; his urine, analysed from time to time during ten days, gave 
abundant evidences of arsenic, On killing die animal by hanging on the tenth day, 
no arsenic could he detected hi any of the organs of the body it had been, as it 
were, washed out. 
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Arsenious Acid in Substance. — The general characters of arsenious 
acid have been already described, and are themselves so marked as to 
be unmistakable. The following are the most conclusive tests : — 

(1) A small fragment placed in the subliming cell (p. 260), and 
heated to about the temperature of 137'7° (286° F.), at once sublimes 
in the form of an amorphous powder, if the upper glass disc is cool ; 
but if heated (as it should be) to nearly the same temperature as the 
lower, characteristic crystals are obtained, remarkable for their brilliancy 
and permanency, and almost always distinct and separate. The pre- 
vailing form is the regular octahedron, but the rhombic dodecahedron, 
the rectangular prism, superimposed crystals, half crystals, deep 
triangular plates like tetrahedra, and in'egular and confused forms, all 
occasionally occur, 

(2) A beautiful and well-known test is that of Berzelius : — A small 
hard-glass tube is taken, and the closed end drawn out to the size of a 
knittiug needle, Within the extreme point of this fine part is placed 



the fragment (which may be no more thau a milligramme) and a 
splinter of charcoal, fine enough to enter freely the narrow part, as 
shown in the figure. The portion of the tube containing the charcoal 
(i e ) is first heated until it glows, and then the extreme end ; if arsenic 
is present, a mirror-like coating is easily obtained in the broader 
portion of the tube (d). That this coating is really arsenical can be 
established by the behaviour of metallic crusts of arsenic towards 
solvents (as given at p. 583). The portion of the tube containing the 
crust may also be broken up, put in a very short, wide test-tube (the 
mouth of which is occupied by a circle of thin microscopic glass) and 
heated, when the arsenic will sublime on to the glass disc, partly as a 
metal and partly as crystalline arsenious acid. With minute films of 
metallic arsenic it is, however, better by means of a small pointed 
flame to draw out the tube on both sides of the arsenical ring, and seal 
it ; the sealed tube is then heated in a bath of ordinary solder to about 
400° C. The oxygen of the enclosed air unites with the arsenic at 
once ; and crystals are formed without any possibility of loss. 

(3) Arsenious acid, itself inodorous, when heated on charcoal, after 
mixing it with moist oxalate of potash, evolves a peculiar garlic-like 
odour. To this test oxide of antimony adulterated with arsenic will 
respond, if there is only a thousandth part present. Simply projecting 
arsenious acid on either red-hot charcoal or iron produces the same 
odour, 
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(4) A little bit of arsenious acid, heated in a matrass with two or 
three times its weight of acetate of potash, evolves the unsnpportable 
odour of kakodyl, 

Arsenites and Arseniates, mixed with oxalate of soda and heated in 
^ matrass, afford distinct mirrors, especially the arsenites of the earths 
and silver ; those of copper and iron are rather less distinct. 

Sulphides of Arsenic are reduced by any of the processes described 
on p, 598 et seg. 

In Solution, — An acid solution of arsenious acid gives, when treated 
Avith SH 2 , a canary-yellow precipitate, soluble in ammonia, carbonate of 
ammonia, and bisulphite of potash, and also a metallic sublimate when 
treated in a tube with the reducing agents in the manner described at 
p. 599, By these properties the sulphide is distinguished and, indeed, 
separated from antimony, tin, and cadmium. 

The sulphides of tin and cadmium are certainly also yellow, but the 
latter is quite insoluble in ammonia, while the former gives no metallic 
sublimate when heated with reducing substances. 

The sulphide of antimony, again, is orange, and quite insoluble in 
potassic bisulphite, and scarcely dissolves in ammonia. 

A small piece of sodium amalgam placed in a test-tube or flask con- 
taining an arsenic-holding liquid, or the liquid made alkaline with soda 
or potash and a little bit of aluminium added, produces in a short time 
ax'sine, which will blacken a piece of paper, soaked in nitrate of silver, 
and inserted in the mouth of the flask. This is a convenient test for 
arsenic. No antimoniuretted hydrogen ( stibine ) is given off from an 
alkaline solution and no SH 2 . 

G-utzeit’s test. — The principle of Gutzeit’s test is the production 
of a yellow or orange stain, according to quantity, produced by 
arseniuretted hydrogen. When passed through filter-paper impreg- 
nated with mercuric chloride the test is not affected by antimony, 
selenium, or tellurium, and is capable of detecting less than of a 
mgrm. of As 2 0 3 . 

The best way to perform the test is to place from 50 to 100 c.c. of 
the liquid to be tested in a small flask ; it is better for the liquid to be 
free from organic matter, but not essential. In cases where the evolu- 
tion of hydrogen causes frothing, the solution must be so altered in 
physical characters by boiling with oxidising reagents that injurious 
frothing ceases. The solution is acidified by adding from 5-10 c.c. of 
a,rsenic-free hydrochloric acid and half a c.c. of a 15 per cent, 
solution of cuprous chloride, and a rod of pure zinc inserted. The 
gas is passed through a small absorption cell containing lead acetate 
solution, and then passed over a short layer of dry cotton wool 
a»d made to impinge on a small disc of filter-paper previously 
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impregnated with a 5 per cent, solution of mercuric '’blonde. The 
disc should be capped on to the issuing tube, so that all the gas 
passes right through the paper. It is well to plunge the Hash into 
cold water so as to keep the temperature down, otherwise Hie cvolu 
tiou of gas will be irregular. 

Marsh’s Original Test for Arsenic consisted in evolving nascent 
hydrogen by zinc and sulphuric acid, and thou adding the liquid to be 
tested° The apparatus for Marsh’s test, in its simplest form, e.mdMs 
of a flask provided with a cork conveying two tulms, one a funnel reach, 
ing nearly to the bottom of the flask ; the other, a delivery tube, which 
is of some length, is provided with a chloride; of calcium bulb,* ami to 
wards the end is turned up at right angles, the cud being narrowed, by 
evolving hydrogen from zinc and sulphuric acid, and then adding (tui- 
tions of the liquid through the funned, arseniurrtted hydrogen in ;i dry 
state is driven along the leading tube, can he ignited mi its issue, and mi 
depressing a piece of cold porcelain, a dark metallic, spot of arsenic is 
obtained. Or, if any portion of the tube be made red hot, the metal 
is deposited in the same way as a ling. 

Purification of the Zinc, Sulphuric Acid and Hydrochloric Acid. 
(For the MarshdBerzelius apparatus and parifieutiou nf materials. 
recommended by the Joint Committee of the Society of Public Analysts 
and the Society of Chemical Industry, two JAxt >/*, 5th edition, p, ■SoT.i 

Zinc, (Hehner’s method as modified by Thome i). — < buuuereially 
pure zinc is melted in a crucible in a gas furnace, and when at or only 
just above its melting-point sodium is mixed with it in the projinrlinu of 
about 1 grain to each pound of zinc. The crucible iH thru bruited until 
the zinc is completely fluid, and the zinc is poured into a second heated 
crucible and back again into the first, crneihhr to ensure tluirtoigh 
melting. The crucible, with tho lid on, is then put. hack into tlm 
furnace and heated to a dull red heat, when the furnace and crucible 
lids are both removed, and tho heating is continued for one hour. A 
scum rises to the top and forms a crust on tlur surface. This cruet, 
when the crucible has cooled 0 little, is pierced at. one shir and tin- 
molten mass is poured into a second heated crucible and skiunm-d if 
necessary- The crucible is then heated to bright redness, any semu 
removed, then allowed to cool aud the zinc granulated just, before the 

* Otto recommends the first liul f of U10 drying tulie mauuvtrd with il fl . rh rr|..j. 
ment flask to be filled with caustic potash, tin- Jailer half iviih rliWidc «f cjV nun 
(Ausmittelung dcr Qiftc). Dragondorff approves of lids, bin remtirlc, llwf ii 
be used when arsenic alone is searched for, siiuio ouistir potadi di-wupi,-. 

The potash fixes SH 2 , and prevents the formation of chhirido nf la.-inio ; on ii,,. „t j,,., 
hand, it absorbs some little AsH 3 , 

t L, T. Thome, “The Purification of Zinc and Hydrochloric Acid from Are-liir." 
Analyst, April 1906, p, 101, 
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solidifying point is reached. Arsenic-free zinc prepared in this manner 
and much of the commercial arsenic-free zinc, is often “insensitive,’ 1 i.e.’ 
it retains a certain amount of arsenic, so that qualitative results may 
be too low or traces overlooked. 

M. Blondlot,* * * § several years ago, made the observation that if 
stannous chloride be added to the contents of the flask in the Marsh. 
Berzelius process, the whole of the arsenic is given off even in the 
presence of pure zinc and acid, and Chapman and Lawi have recently 
found that 1 to 2 grammes of cadmium sulphate, lead acetate, or 
stannous chloride, completely overcome the “insensiti veness ” of the 
pure materials. The same authors have shown that such salts as 
palladium, chloride, platinum chloride, nickel sulphate, and cobalt 
sulphate cause, on the other hand, a retention of large quantities of 
arsenic ; working also with alloys of zinc with iron, nickel, cobalt, copper, 
silver, platinum, sodium, tin and cadmium, they found that all of these, 
with the exception of tin and cadmium, caused retention of arsenic, 
but in every case the "insensitiveness” was removed by the addition of 
2 grammes of cadmium sulphate, lead acetate, or stannous chloride, 
except in the case of some metal alloys. 

Hydrochloric Add. — Various methods have been proposed for 
freeing hydrochloric acid from traces of arsenic. Of these we will only 
give two of the most recent and convenient, 

Ling and liendle’s Method. I — This is based upon the fact observed 
by H. Cantoni and J, Chautenis, § that methyl arsenite is readily formed 
and is very volatile, and that the Keinsch method as modified by Dr. 
L, T. Thome [[ may be used for the purification of hydrochloric acid. 
To 1500 c.c. of commercial hydrochloric acid slightly above IT sp. gr, 
about 40 c.c. of redistilled commercial wood spirit are added. The 
mixture is contained in a Wurtz flask of two litres capacity. About 5 
to 10 grins, of arsenic*free granulated zinc are then added. The flask 
is connected with a reflux condenser by an ordinary cork, in which is 
fixed a glass rod supporting a coil of electrolytic copper foil, having 
a surface of about 120 square inches. The side tube of the Wurtz 
flask having been plugged, the condenser is connected with an ex- 

* Blondlot, “ Tian.sforma.tiou do l’arsciric- eu Uydrure solide par l'hydrogene 
faissaut sous l’iii fl ueuce des composes nitroilx,” Jour, de Pharm. et de Oldm. , 3 e 
ser., t. xliv. p. 486. 

+ A. C, Chapman and H, D. Law, "The Reducing Action of Hydrogen,” 
Analyst, Jan. 1906, p. 3. 

+ Arthur R, Ling, and T. Reudlc, " Note 011 the Removal of Arsenic from 
Hydrochloric Acid for use in the Marsh- Berzelius Method,” Analyst, Reb. 1906, 
p. 37. 

§ Arch. Sc. Phys. Nat. Geneve (4), xix, 364, 

if Proc , Ohem. Soc., 1902, 118. 
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hanst'pump, and the boiling commenced. The acid is digested for 
about three hours, the copper bang withdrawn and cleaned at least 
once during that period. During the digestion a black tarry, fuming 
liquid distils over, and the greater part of this is caught in a vessel 
between the condenser and the pump. Another vessel containing water 
is interposed to catch any hydrogen chloride which passes off. 

Thome and Jeffers' Method .* — Redistilled hydrochloric acid is 
diluted to a sp. gr. of a little under IT, and poured on to 2 to 3 grms. 
of a copper-tin couple prepared as follows : — 

Cuprous chloride is dissolved in excess of HC1, and a little granu- 
lated tin added ; when the tin is dissolved, zinc dust is added, and the 
copper and tin, which are precipitated as a gray spongy mass, washed 
by decantation The acid and couple are gradually heated, and boiled 
gently for half an hour. The acid is then at once distilled from a flask 
containing a small quantity of the couple and a little piece of 100-mesh 
copper gauze. The distilled acid is free from arsenic. 

Sulphuric Add. — This acid may now be obtained free from arsenic, 
but if it is found to be impure it may be freed from arsenic by diluting 
with four volumes of water, adding a little sodium chloride, and distil- 
ling. The first -j^-th of the distillate contains all the arsenic, and is 
rejected. 

The precautions to be observed in Marsh’s or Marsh-Berzelius process 
are : — 

(1) Absolute freedom of the reagents used from arsenic, antimony, 
and other impurities, 

(2) The sulphuric acid or hydrochloric acid should be diluted 
with from four to five times its weight of water, and if freshly prepared 
should be cooled before use, Strong acid must not bo employed. 

(3) The fluid to be tested should be poured in little by little. 

(4) Nitrous compounds, nitric acid, chlorides, 'are all more or less 
prejudicial, 

(5) The gas should come off regularly iu not too strong a stream, 
nor out of too small an opening. 

(6) The gas should pass through the red-hot tube at least half an 
hour before adding the substance to be tested ; if there is then no 
stain, the liquid to be tested is run in gradually and the test run for 
at least one hour, 

(7) A solution of cadmium sulphate should be added to the contents 
of the flask, to counteract the “insensitiveness” of the material. 

The characteristics of the metallic stains which may occur either on 
glass or porcelain in the use of Marsh’s test, may be noted as under : — 

* L, T, Thome and E, H. Jeffers, “The Purification of Zinc and Hydrochloric 
Add from Arsenic,” Analyst, April 1906, 102. 
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Mirror or Crust or Arsenic 

Is deposited at a little distance 
from the flame. 

An arsenical stain is in two 
portions, the one brownish, the 
other a glittering black. 

On heating, it is rapidly vola- 
tilised as arsenious acid. 

On transmission of a stream of 
SH 2 , whilst immediately behind 
the stain a gentle heat is applied, 
the arsenic is changed to yellow 
sulphide ; * if dry C1H is now 
transmitted, the arsenical sulphide 
is unchanged. 

Chloride of lime dissolves the 
arsenic completely. 

Protochloride of tin has no 
action on metallic arsenic. 

The arsenic stain, dissolved in 
aqua regia , or C1H and chloride 
of potash, and then treated with 
tartaric add, ammonia, and mag- 
nesia mixture, gives a precipitate 
of ammonia magnesian arseniate.t 

The mirror or crust of arsenic is usually described and weighed 
as being composed of the pure metal ; but J. W. Rettgers has 
investigated the matter, and the following is an abstract of his 
results ; — 

There is no amorphous form of arsenic, the variety generally thus 

* It is desirable to dissolve away the free sulphur often deposited with the 
arsenical sulphide by bisulphide of carbon, 

t Sehoiibein has proposed ozone as an oxidiser of arsenical stains. The substance 
containing the stain, together with a piece of moist phosphorus, is placed under a 
shade, and left there for some time ; the oxidisation product is, of course, coloured 
yellow by SH 2 if it is arsenious acid, orange if antimony. The vapour of iodine 
colours metallic arsenic pale yellow, and later a brownish hue ; on exposure to the 
air it loses its colour, Iodine, on the other hand, gives with antimony a carmelite 
brown, changing to orange. 

An arsenical ring may be also treated as follows : — Precipitated zinc sulphide is 
made into a paste with a little water, and introduced into the end of the tube ; the 
same end is then plunged into dilute sulphuric acid, and the ring heated, when the 
arsenical sulphide will be produced, 


Mirror or Crust op Antimony 

Is deposited close to the flame, 
and on both sides of it, and is 
therefore notched. 

The stain is tolerably homo- 
geneous, and usually has a tin- 
like lustre. 

Volatilisation very slow; no 
crystalline sublimate obtainable. 

The same process applied in 
the case of antimony produces the 
orange or black sulphide ; and on 
passing dry C1H, chloride of anti- 
mony volatilises without the appli- 
cation of heat. 

Antimony not affected. 

Dissolves slowly but completely 
the antimony stain. 

No precipitate with antimony. 
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called being crystalline. Two modifications can be distinguished : the 
one being a hexagonal silver white variety possessed of metallic lustre, 
specifically heavier and less volatile than the second kind, which is 
black in colour, crystallises apparently in the regular system, and 
constitutes the true arsenic mirror, The former modification corre- 
sponds to red hexagonal phosphorus (red phosphorus having been 
recently proved by the author to be crystalline), and the latter to 
yellow phosphorus, which crystallises in the regular system. Both 
modifications of arsenic are perfectly opaque ; deposits which are yellow 
or brown, and more or less transparent, consist of the suboxide and 
hydride, As,0 and AsH, The brown spot on porcelain produced by 
contact with a flame of arseniuretted hydrogen is not a thin film of 
As, but one of the brown solid hydride AsH, formed by the decomposi- 
tion of AsH s . This view is confirmed by the fact that arsenic sublimed 
in an indifferent gas (e.g., C0 2 ) is deposited in one or other of the 
modifications described above, the brown transparent product being 
obtained only in the presence of H or 0. Moreover, pure arsenic is 
insoluble in all solvents, whereas the film on porcelain (AsH) is soluble 
in many solvents, including hydrocarbons of the benzene series (e.g. 
xylene), warm methylene iodide, and hot canstic potash. 

Hence quantitative results from weighing arsenical min'ors can 
never be accurate, because the mirrors consist of mixtures of hydride 
and suboxide, 

Remsch’s Test, — A piece of bright copper foil, boiled in am acid 
liquid containing either arsenic or antimony, or both, becomes coated 
with a dark deposit of antimony or arsenic, as the case may be. The 
arsenical stain, according to Lippert, is a true alloy, consisting of 1 
arsenic to 5 copper,*' Properly applied, the copper will withdraw every 
trace of arsenic or antimony from a solution. 

Copper gauze or copper foil is oxidised in the air by heating in am 
open tube to a gentle red heat, The film of black oxide is next dissolved 
off by a few seconds’ immersion in strong nitric acid, leaving a bright 
chemically-clean surface, The acid is removed from the copper by wash- 
ing in a stream of water. A piece of copper thus prepared about 1 inch 
x Jinchis suspended by means of a thin platinum wireinfrom 50 to 100 
e.c, of the liquid to be examined, the liquid acidified by HC1 and gently 
boiled for twenty minutes, Operating on organic liquids, the copper 
is usually darkened in colour, even if arsenic-free. Any black stain 
may be caused by sulphur, by organic matter, by arsenic, or by antimony. 
The copper is washed with alcohol and then by water, and, lastly, by 
absolute alcohol, and dried at a very gentle heat It is then dropped 
into a small tube and gently heated to a temperature just below a red 
* Journ./. p-aJct. Chem., xiii. 168. 
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heat. If arsenic is present the metal sublimes in the characteristic 
crystals of arsenious acid. 

Dr. John Clark ( Journ, Chem. Soc., 1893) has proposed dissolving off 
the black film by potash and hydrogen peroxide ; the solution is boiled 
and any copper hydrate filtered off. Should arsenic be present, it now 
exists as potassic arsenate ; if antimony be present, it exists as potassic 
antimonate. If both arsenic and antimony are present, the potassic salts 
of both are formed. The arsenate may be decomposed and reduced by 
ferrous chloride and strong hydrochloric acid and distilled into water, 
the arsenic being recognised in the distillate by sulphuretted hydrogen. 
Any antimony left in the flask is precipitated by SH 2 ; should a dark 
black precipitate form, this means contamination by copper ; on treatment 
with caustic soda and boiling, copper sulphide may be filtered off and 
pure antimony sulphide obtained by acidifying the solution and again 
treating with SH 2 . 

§ 739. Arsenic in Glycerin. — Arsenic has been frequently found iu 
commercial glycerin, the quantity varying from O'l to 1 mgrm. in 100 c.c. 
The best method to detect the presence of arsenic in glycerin is as 
follows: — A mixture of 5 c.c. of hydrochloric acid (1:7) and 1 grm. of 
pure zinc is placed iu a long test-tube, the mouth of which is covered 
with a disc of filter-paper previously moistened with one or two drops of 
mercuric chloride solution, and dried. If arsenic is present, a yellow 
stain is produced upon the filter-paper within fifteen minutes, and it 
subsequently becomes darker,* 

§ 740. Arsenic in Organic Matters, — Orfila and the older school of 
chemists took the greatest care, in searching for arsenic, to destroy the 
last trace of organic matter. Orfila’s practice was to chop up the sub- 
stance and make it into a paste with 400 to 700 grms. of water ; to this 
'010 grm. KHO in alcohol was added, and ‘020 grm, of potassic nitrate. 
The substances were heated up to from 80° to 90° for some time, until 
they were pretty well dissolved ; the organic matter was then burnt off 
in a Hessian crucible heated to redness, on which small quantities of the 
matters were placed at a time. When the whole had thus been sub- 
mitted to red heat, the melted mass was run into an almost red-hot 
porcelain basin, and allowed to cool. Afterwards it was again heated 
with concentrated sulphuric acid, until all nitric and nitrous fumes were 
dissipated ; on dissolving and filtering in water, the liquid was intro- 
duced into a Marsh’s apparatus, Orfila never seems to have failed in 
detecting arsenic by this process, For an orgau like the liver he con- 
sidered that 100 grms, of potash and 86 of strong sulphuric acid were 
necessary in order to destroy the organic matters. 

* “Arsenic in Glyoeiin,” by Dr. H, B, H. Paul and A. J. Cownley, Pkarm, 
Journ,, Feb, 24, 1894, 
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Distribution of Arsenic in the Body, — In searching for arsenic 
in the fluids or tissues of the body, the analyst is generally at the 
mercy of the pathologist, and sometimes the work of the chemist 
leads to a negative result, solely from not having the proper organ 
sent to him. 

Brodie long ago stated that when arsentous acid had been given in 
solution to auy animal capable of vomiting, no arsenic could be detected 
in the stomach ; this statement is too absolute, but in the majority of 
cases true. 

In all cases the chemist should have portions of the brain, spinal 
cord, liver, kidneys, lungs, and muscular tissue, as well as the stomach 
and its contents. 

According to the experiments of Scolcsuboff, * arsenic is generally 
greatest in the marrow, then in the brain, next in the liver, and least in 
the muscles, the following being the proportion if muscle be taken as 1 : — 


Muscles, .......... 1 

liver 10 ‘8 

Brain, 36 '5 

Spinal Marrow 37 '3 


But Ludwig’s f experiments and conclusions are entirely opposed to 
this, since both in acute and chronic cases he found as follows (per cent 
ASjOj):— 

Brain '0002 

Liver, .......... '001 

Kidney, '0004 

Muscle '00025 

So that he detected in the liver five times more than in the brain. 
M. P. Hamberg has also confirmed the fact, that more is found in the 
liver and kidneys than in the nervous tissues . 

Chittenden { found in a body the following quantities of arsenic 
estimated as arsenious acid 1 — 


Stomach and gullet, 




Grain. 

0158 

Intestines, 

, , 



0-314 

Liver, 




0'218 

Kidney, . 




0'029 

Lungs and Spleen, , 




0172 

Heart, . 




0112 

Brain, 




0'075 

Diaphragm, 




0-010 


Tire whole arsenic present was estimated as equal to 3'1 grains of 
* Bull, Soe, Chim, (2) r xxiv, p, 124. 

t ''Ueber die Verbal tung des Arsens im thierlschen Organismus naeh Einver' 
leibung von arseniger Siiure,” Med, Jahrbuch, 1880. 

+ American Chemical Journal, v, 8. 
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arsenious acid, viz., 2'628 grains absorbed, and 0'472 unabsorbed ; of the 
absorbed portion 8‘3 per cent, was found in the liver. 

With regard to the preliminary treatment of the stomach and fluids 
submitted to the analyst, the careful rioting of appearances, the decanta- 
tion, washing and examination* (microscopical and chemical) of any 
deposit, are precautions so obviously dictated by common sense, that 
they need only be alluded to in passing. Of some considerable moment 
is the question which may be put to the analyst in court, in reference 
to the possible enhance of arsenic into the living body by food, by acci- 
dental and, so to speak, subtle means. A.. G-autier and Clausmann 
believe that people take daily in their food only mgrm. of arsenic, 
therefore yearly 7'66 mgr ms. \ so that should mgrm. of arsenic be 
found in the corpse there is a fair presumption of poisoning. Other 
sources of arsenic are the inhaling of the fumes from the burning of 
arsenical candles, t and of emanations from papers (seep. 564), 1 as well 
as the possible entrance of arsenic into the body after death from various 
sources, such as arsenical earth, Ac. § 

§741. Imbibition of Arsenic after Death. — The arguments which 
are likely to be used in favour of a corpse having become arsenical may 
he gathered from a case related by Sonnenschein Certain bodies were 
exhumed in two churchyards; the evidence went to show that they had 
been poisoned by arsenic, and this substance was actually found in the 
bodies, while at the same time it was discovered to exist also in traces in 
the earth of the churchyard. The theory for the defence was, that 
although the arsenic in the earth was in an insoluble state, yet that it 
might combine with lime as an arsenite of lime ; this arsenite would 
become soluble by the action of carbonic acid set free by vegetation, and 
filter down to the corpse. Sonnenschein suspended a quantity of this 

* From some observations of Freseniusit would seem necessary to test all glass 
vessels used; for it is difficult at present to purchase arsenic-free glass. 

f See a case of poisoning(non. fatal) of alady bytheuseof arsenical candles, Med. 
Times and Gazette, vol, iii, , 1876, p, 367, 

+ To solve this question, it has been at times considered necessary to analyse 
an extraordinary number of things, In the " affairs Danval” ( Journ , d’Sygiine, 
2e sdr. , No. 108, July 1878), more tlian sixty different articles, comprising drugs, 
drinks, perfumes, bed-curtains, wall -paper, and other matters, were submitted to the 
experts, 

§ The following important case is related by Sonnenschein ; — 

Nicholas Nobel and his wife; Jerome, were buried two metres from each other 
in the churchyard at Spinal, the earth of which notoriously contained arsenic, A 
suspicion of poisoning arose. Tho bodies were exhnmed, and arsenic was found in 
die stomach and intestines of Nobel, but not the slightest trace in the corpse of 
tile wife. The remains of the bodies wa-e leinterred, and after six months, on a 
fresh snspicion of poisoning arising, again exhumed, The corpse of the woman had 
been put naked in the moist earth during a heavy shower, but this time also no 
arsenic was detected in it. 
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earth in water, and passed C0 2 through it for twelve hours ; on filtering, 
the liquid gave no evidence of arsenic. A similar result was obtained 
when an artificial mixture of 1 grin, of arsenious acid and 1 pound of 
earth were submitted to the same process. 

The fact would appear to stand thus ; oxide of iron in ordinary earth 
retains arsenic, and requires treatment with a concentrated acid to dis* 
solve it. It therefore follows that, if a defence of arsenical earth is 
likely to be set up, and the analyst finds that by mere extraction of the 
tissues by \oater he can detect arsenie, the defence is in all probability 
unsound. The expert should, of course, deal with this question on its 
merits, and without prejudice. According to Eulenberg,* in arsenical 
earth — if, after having been crushed and washed, it lies for some time 
exposed to the disintegrating action of the air — soluble arsenical salts are 
formed, which may find their way into brooks and supplies of drinking 
water. We may infer that it is hardly probable (except under very 
peculiar circumstances) for a corpse to be contaminated internally with 
an estimable quantity of arsenic from the traces of arsenic met with in 
a few churchyards. 

It occasionally happens that an exhumation is ordered a very long 
time after death, when no organs or parts (save the bones) are to be 
distinguished. In the case of a man long dead, the widow confessing 
that she had administered poison, the bones were analysed by Sonnen* 
schein, and a small quantity of arsenic found. Coni&rbe and Orfila have 
both asserted that arsenic is a normal constituent of the bones— a state* 
ment which has been repeatedly disproved. Sonnenschein relates : t — 
“ I procured from a churchyard of this place (Berlin) the remnants of 
the body of a person killed twenty-five years previously, and investigated 
several others in a similar way, without finding the least trace of arsenic. 
Similar experiments in great numbers were repeated in my laboratory, 
but in no case was arsenic recognised," The opinion of the expert 
should he find arsenic in the bones, must be formed from the amount 
discovered, and other circumstances. 

A difficult case on which to form an opinion is one recorded by 
William P. Mason, j: as follows : — 

The deceased, a farmer, bachelor, sixtyfive years of age, and in good health, was 
taken violently sick shortly after breakfast, with vomiting and distress in the 
stomach. Although a pkysieian was summoned, the symptoms increased in severity, 
aud a little after midnight death ensued. The funeral took place three days later. 
Certain very damaging pieces of circumstantial evidence having been collected, the 
housekeeper was arrested on the charge of murder, it having been shown, among 
other things, that on the day preceding the death she had purchased an ounce of 
white arsenic 


* Gewerle Hygiene, p. 284, + Gerichtl, Chem,, p, 212. 

+ Chem . News, Feb. 23, 1894. 
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Thirty 'five days after death (from March 20 to April 25) the body was exl 
and found in a state of remarkable preservation, and free from cadaveric smell Th ’ 
stomach presented evidences of inflammation. 

Portions sent for analysis were the stomach, portion of intestine, portion of liver 
one kidney, and the heart. Arsenic was found in all these parts. White octahedral 
crystals were found in the contents of the stomach, which on separation 
arsenical reaction. 0 

The arsenic found was ; — 


Stomach and intestine, 
Liver and kidney, 
Heart, . 


0'2376 grm, 
0'0032 ,, 
0'0007 „ 


Total as metallic arsenic, 


0‘2415 „ 


The amount of arsenic recovered and produced in court was in quantity sufficient 
to produce death. Some time after the analytical report was made to the coroner it 
was learned that an embalming fluid, highly arsenical in character, had been used 
upon the body by the undertaker at the time of preparation for burial, No injection 
of this embalming fluid was practised, but cloths wrung out in the fluid were laid 
upon the face and chest, and were kept constantly wet therewith during a period of 
many hours. In all, about two quarts of embalming fluid were so used. Its com' 
position appeared to bea strongly acidified solution of sodium arsenite and zinc sul- 
phate. Only the arsenic and zinc were determined quantitatively, and they were 
found to be i ziuc (metallic), 1‘978 per cent., and arsenic (metallic), 1'365 per cent, l>y 
weight. An amount of this fluid measuring 15'7 c.c. would thus contain a weight 
of arsenic equal to that actually recovered from the body. 

Extended medical testimony was offered by the prosecution, tending to show that, 
under the given circumstances, no fluid of any kind could have reached the stomach 
through the nose or mouth after death — thus anticipating what the defence after' 
wards claimed, that the undertaker was responsible for the arsenic discovered in the 
remains, 

In order to gather further light upon the possibility of cadaveric imbibition of 
embalming fluid through the unbroken skin, test was made for zinc in the heart and 
stomach, and distinct traces of the metal were found in each instance. That at 
least a portion of the arsenic found in the body was due to postmortem causes was 
thus distinctly proven. A weighed portion (62 grms.) of the stomach and contents was 
then most carefully analysed quantitatively for both zinc and arsenic, with the fob 
lowing results 1 arsenic, 0'0648 gim, and zinc, 0 - 0079 grm, Bearing in mind the 
relative quantities of the two metals in the embalming fluid, it will be seen that the 
arsenic found in the 62 grms, of the stomach was nearly twelve times larger than it 
should have been to have balanced the zinc which was also present. This fact, 
together with the discovery of crystals of white arsenic in the stomach, constituted 
the case for the prosecution, so far as the chemical evidence was concerned. 

The defence made an unsuccessful effort to show that the crystals of the trboxide 
originated from the spontaneous evaporation of the embalming fluid. The prosecu- 
tion met this point by proving that suck fluid had been abundantly experimented 
upon by exposure to a very low temperature during an interval of several months, 
and also by spontaneous evaporation with a view of testing that very question, and 
that the results had in every case been negative. Special importance was given thes 
experiments, beeause of the welhknown separation of octahedral crystals during tke 
spontaneous evaporation of a hydrochloric acid solution of the white oxide, it having 
also appeared that, in the manufacture of the embalming fluid, the arsenic was used 
as white arsenic, 

A very strong point was finally raised for the defence by the inability of the 



590 


POISONS: THEIR EFFECTS AND DETF.CTION. 


expert on the side of the prosecution to state positively whether or not an embalm- 
ing fluid of the above composition would diffuse as a whole through dead tissue, or 
its several parts would be imbibed at different rates of speed, the zinc portion beeom- 
ing arrested by albuminoid material and being therefore outstripped by the arsenic, 
or vice versd. The prisoner was ultimately acquitted. 

In a case which occurred in the Western States of America, there 
was good reason for believing that arsenic had been introduced into the 
coipse of a man after his decease. With regard to the imbibition of 
arsenic thus introduced, Orfila* says : — “ I have often introduced into 
the stomach (as well as the rectum) of the corpses of men and dogs 2 
to 3 grms. of arsenious acid, dissolved in from 400 to 500 gnus, of 
water, and have examined the different viscera at the end of eight, ten, 
or twenty days. Constantly I have recognised the effects of cadaveric 
imbibition. Sections of the liver or other organs which touch the 
digestive canal, carefully cut and analysed, furnished arsenic, which 
could not be obtained sensibly (or not at all) from sections which had 
not been in contact with this canal. If the corpse remained long on 
the back after arsenious acid had been introduced into the stomach, I 
could obtain this metal from the left half of the diaphragm and from 
the inferior lobe of the left lung, whilst I did not obtain it from other 
portions of the diaphragm nor from the right lung.” Dr. Reece has 
also made some experiments on the imbibition of arsenic after death. 
He injected solutions of arsenious acid into the stomach of various 
warm-blooded animals, and found at various periods arsenic, not alone 
in the intestinal canal, but also in the spleen, liver, and kidneys. 

§ 742. Analysis of Wall-Paper for Arsenic. — The separation of 
arsenic from paper admits of great variety of manipulation. A quick 
special method is as follows : — The paper is saturated with chlorate of 
potash solution, dried, set on fire in a suitable plate, and instantly 
covered with a bell-glass. The ash is collected, pulverised, and ex- 
hausted with cold water, which has previously thoroughly cleansed the 
plate and bell-glass ; the arsenic in combination with the potash is dis- 
solved, whilst oxides of chromium, copper, aluminium, tin, and lead 
remain in the insoluble portion, f 

Fresenius and Hintz \ have elaborated a method for the examination 
of wall-papers, fabrics, yams, and similar substances, which, provided 
the reagents are pure, is accurate and easy. Twenty-five grms. of the 
substance are placed in a half -litre distilling flask or retort, and 250 c.c. 
of HC1, specific gravity I T9, added ; after digestion for an hour, 5 c.c. 
of a saturated solution of ferrous chloride are added, and the liquid 

* Op, cit , , t, i, j>. 309. 

t Kapfeisehlaeger Rev, Vmverselle des Mines, 1876. 

X Zeit, anal, Chern,, xxvii, 179-182. 
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slowly distilled until frothing stops any further distillation. A further 
quantity of 100 c.c. HC1 is then added, and distilled over. The re- 
ceiver, in each case, contains water, and must be kept cool. The united 
distillates are diluted to 800 c.c. and saturated with SH 2 . The arsenious 
sulphide is collected on an asbestos filter. After partial washing, it is 
heated with bromine in HC1 of 1 ‘1 9 specific gravity, and the solution 
again distilled with femous chloride. The distillate, on now being 
treated with SH 2 , gives arsenious sulphide free from organic matter. 

§ 7 43. Estimation of Arsenic. — Most of the methods for the quauti* 
tative determination of arsenic are also excellent tests for its presence. 
It may be regarded, indeed, as an axiom in legal chemistry, that the 
precise amount of every substance detected, if it can be weighed or 
estimated by any process whatever, should be accurately stated. In- 
definite expressions, such as "a small quantity was found,” “ traces were 
detected,” etc., are most objectionable. The more perfect of the methods 
of evolving arsine are now quantitative, because the arsenical ring can 
be compared with standard rings produced under as nearly as possible 
the same experimental conditions. Pure arsine, passed into nitrate 
of silver solution, decomposes it in such a manner that, if either 
the silver deposited or the free acid is estimated, the quantity of 
arsenic can from such data be deduced, A very convenient method, 
applicable in many cases, is to throw out the silver by hydrochloric 
acid, alkalise the filtrate by bicarbonate of soda, and titrate with iodine 
solution. The latter is made by dissolving exactly 12 '7 grms. of pure 
tlry iodine by the aid of 18 grms. of potassic iodide in one litre of water, 
observing that the solution must take place in the cold, without the 
application of heat. The principle of the titration is, that arsenious 
acid, in the presence of water and free alkali, is converted into arsenic 
acid — 

As.j0 3 +- 4 1 + 2NA{0 = As 2 0 5 + 4NaI. 

The end of the reaction is known by adding a little starch-paste to 
the solution ; as soon as a blue colour appears, the process is finidred. 

Another convenient way by which (in very dilute solutions of 
arsenious acid) the arsenic may be determined, is a colorimetric method, 
which depends on the fact that sulphuretted hydrogen, when arsenious 
acid is present in small quantity, produces no precipitate at first, but a 
yellow colour, proportionate to the amount of arsenic present The 
silver solution containing arsenious acid is freed from silver by hydro- 
chloric acid ; a measured quantity of saturated SH 2 water is added to a 
fractional and, if necessary, diluted portion, in a Nessler cylinder or 
colorimetric apparatus, and the colour produced exactly imitated, by 
the aid of a dilute solution of arsenious acid, added from a burette to a 
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similar quantity of SU 2 water in another cylinder, the fluid being 
acidified with HC1, 

§744, Electrolytic Methods. — The method used in the Govern* 
ment laboratory, as arranged by J, E. Thorpe,* requires the following 
apparatus : — 

A glass vessel of the shape shown in the figure is open at the bottom, 
and at the top fitted with a ground glass stopper. Through this stopper 
is passed the stem of the tap funnel ; it also carries the gas exit tube 
on which there is a bulb. This tube is connected by means of a ground 
glass joint with a dryiug tube. Through the glass cap is fused a stout 
platinum wire for making the connection outside with the current and 
within the vessel to the electrode. 

The inner electrode forming the cathode is a cone of sheet platinum 
provided with several perforations. It is suspended from a hook made 



on the end of the wire passing through the glass stopper, and is adjusted 
so that when the stopper is inserted in the vessel the lower edge of the 
electrode is one millimetre above the bottom of the vessel ; it is then 
securely attached to the wire by closing the hook. The porous vessel 
is two or three times larger in diameter than the cylindrical portion of 
the glass vessel. The glass vessel rests by its bulged >out shoulder on 
the edge of the porous vessel, and is thus kept off the bottom. 

The porous vessel is of unglazed highly*siliceous ware. The cell for 
the anode consists of a stout glass vessel, upon the flat bottom of which 
the porous vessel supporting the bulged glass vessel stands. The 
anode consists of a band of platinum 2 cm. broad, passing loosely 
round the porous cell and connected with the current by means of a 
stout platinum wire, The apparatus, lastly, is pnt in a large dish con* 
taining cold water, for, In action, the temperature should uot exceed 
* Joum , Cheni , Soc , Trans ., 1903, 974. 
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50° C. The drying tube is prepared by inserting, first, cotton-wool, and 
then granulated calcium chloride for about 5 cm, ; another loose plug 
of cotton-wool follows, then, a roll of dried lead acetate paper. To the 
end of the drying tube is fixed, by means of rubber, a hard Jena glass 
tube, outside diameter 5 mm., inside 3 ‘5 mm. ; a portion of this tube, 2 cm, 
in length, 5 cm. from the end of the tube, is drawn out to a length of 
7-8 cm., having at a distance of 1 cm, from the shoulder of the tube an 
external diameter of 2 mm., a size to be maintained as nearly as possible 
throughout the length of the constricted part. 

The tube is drawn out, cut off near the end of the drawn-out portion, 
and the last cm, turned up at right angles. 

A piece of platinum gauze 2 cm. square is wrapped round the hard 
glass tube at the point where it is to be heated by a Bunsen flame. A 
special small burner is recommended with slotted cone to receive the 
tube. The current giving the best results is one of five amperes and 
seven volts ; this may be obtained in places where there is a continuous 
supply of electricity from the mains by interposing suitable resistances, 
such, for instance, as a rheostat of incandescent lamps. 

The authors have used for some time a boron battery of four cells, 
the exciting liquid being a sulphuric acid solution of potassic bichromate ; 
the amperage and voltage a're regulated by a sliding resistance. 

The method of working is as follows : — After thoroughly cleansing 
and connecting up 30 c.c. of dilute sulphuric acid (1 : 7) are poured 
into the anode cell and 20 c.c. into the cathode cell by means of 
the stoppered bottle, the stem of which must be kept full of liquid. 
The current is allowed to pass for about ten minutes to expel air, 
and then the burner is lighted so as to heat the hard glass tube, and 
the current passed for another fifteen minutes ; if by the end of this 
time no brown ring is seen, the testing liquids are presumed to be 
pure. Two c.c. of amyl alcohol are run into the inner cell by means 
of the tap funnel, and followed by the solution to be tested. The 
solution, if quantitative results are to be obtained, should be con- 
centrated down so as not to be more than from 30 to 50 c.c. 
Obviously, no air must be admitted, and the stem must remain full 
of liquid, the last portions of the liquid being rinsed into the flask by 
distilled water, 

The final operation is to preserve any ring formed in an atmosphere 
of hydrogen, which is accomplished very simply as follows'. — The 
stopper of the funnel is opened, and a small pointed flame directed 
against the narrow tube at a point 3 cm, from the deposit between 
the deposit and turned-up end of the tube, and drawn off ; the electric 
current is now interrupted, and the tube, still full of hydrogen, heated 
and drawn off near the shoulder, 
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Hy, Julius Salomon Sand and John Edward Hackford* have 
modified tie apparatus by replacing the platinum electrodes by 
those of lead, and maintain that lead cathodes give better results than 
platinum. A, C. Chapman and H. D. Law have also experimented 
with various cathodes, and have obtained good results with lead, tin, 
and cadmium, f 

§ 745, Gautier | has also devised a process hy which the most 
minute quantity of arsenic can be separated; the process is based on 
the fact that iron oxide in precipitating from a solution carries down 
with it any arsenic, Gautier uses a solution of ferrous sulphate, freed 
from every trace of arsenic, as follows : — 

100 gmis. of ferrous sulphate are dissolved in 1^ litres of water, and 
after the addition of 25 grms, of pure sulphuric acid heated’ with SH. 2 
any precipitate is filtered off; and the solution oxidised with 28 grms. 
of arsenic*free nitric acid. The iron is now precipitated by ammonia, 
the precipitate filtered, washed, and dissolved in the cold hy means of 
dilute sulphuric acid, Granulated zinc is added, and the solution heated 
to boiling under diminished pressure for two days. The solution is 
again oxidised with nitric acid, and again precipitated, washed, etc., and 
finally dissolved in dilute sulphuric acid. 

After destruction of organic matters in 'the way before indicated, to 
the final solution in water so small a quantity of the iron solution is 
added that, after such addition, there is no reaction with ferridcyanide ; 
the precipitate which forms contains no arsenic, and is filtered off. The 
filtrate is now precipitated with 5 c.c. of the iron solution, and boiled. 
Ammonia is added to neutral reaction. The resulting precipitate is 
dissolved in a mixture of nitric and sulphuric acids, the nitric acid 
expelled by boiling, and the final sulphuric acid tested for arsenic in the 
modified Marsh apparatus already described. 

The apparatus recommended by Gautier has been modified somewhat 
by Gabriel Bertrand, and as, in essential principles, it is the same as 
Gautier’s apparatus slightly improved, it will suffice to describe here 
only Bertrand’s process. 

The apparatus consists of a flask of 90 c.c. capacity, in which the 
reduction of the arsenical compound is effected by zinc and sulphuric 
acid. The flask is furnished with a long tube and cylindrical funnel, E, 
to which is fixed by means of a cork the bulb tube, A, furnished with a 
stop 'Cock. The gas passes through the tube, L, 30 c.c. long, charged 
with highly dried ootton-wool ; to this tube succeeds C, made of diffi> 
eultly fusible glass — the internal diameter is 1 mm., and the walls 
2 mm, thick. The tube is surrounded by asbestos, and heated by a 

* Journ, Chem, Soe. Trans., 1904, 1018, t Analyst, 1906, 12. 

+ Compt , Rend,, cxxxvii, 158. 
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“ ramp ’’ of gas for the length of 10 c.c. ; 3 c.c. from the heated part a 
small stream of cold water, dropping on a piece of filter-paper wrapped 
around the tube, cools the issuing gas, which finally bubbles through 
water at V. 

The method of procedure with this apparatus is as follows : 10-20 

grms. of granulated zinc are introduced into a flask, with 30 c.c. of 
water and a few drops of a solution of platinum chloride. As soon as 
the zinc is platinised, which is denoted by the bright surfaces becoming 
of a dull grey black, the water is poured away, and, after washing the 
zinc with a little distilled water, the zinc is transferred to the flask, F, 
and the apparatus connected up. The air is now displaced by a current 
of dry carbonic acid gas, and 10 c.c. of sulphuric acid (1 of acid to 4 of 
water) added ; a brisk effervescence follows, and the carbonic acid gas 



is expelled from the apparatus by the hydrogen; 10 cm. of the 
capillary thick-walled t ube is now brought to a dull red heat, and the 
cooling arrangement adjusted. After ten to fifteen minutes the evolution 
of gas has become somewhat slow, and the solution to be tested for 
arsenic is introduced by means of the bulb funnel, little by little, into 
the flask. The bulb is washed out at first with 20 c.c. of dilute 
sulphuric acid (10 percent), and then with 10 c.c, of the 1 to 4 acid, 
taking care that the acid only falls into the apparatus drop by drop, 
The most, suitable evolution of gas is found to be from 4 to 5 c.c. per 
minute : a guess of the quantity evolved may be made by counting the 
bubbles of gas escaping through the final water in Y. 

§ 746. Precipitation as Tersulphide, — The advantages of the 
processes described are great when dealing with minute quantities, 
but the old method of precipitation with hydric sulphide SH, is 
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best for quantities of arsenic which admit of being directly -weighed. 
If this be used, it is well in most cases to pass sulphurous 
anhydride through the liquid until it smells strongly of the gas, for 
by this means any arsenic acid present is reduced; the sulphurous 
anhydride is quickly got rid of by a current of carbonic anhydride, 
and then the liquid is saturated with hydric sulphide. In the ordinary 
way, much time is often wasted in saturating the liquid with this gas. 
Those, however, who have large laboratories, and daily employ hydric 
sulphide, possess (or should possess) a water saturated with the gas 
underpressure; such a liquid, added in equal volume to an arsenical 
solution, is able to convert the whole of the arsenic into sulphide in a 
very few minutes. Those who do not possess this hydric sulphide water 
can saturate in an hour the liquid to be tested, by passing the gas in 
underpressure. A convenient method is to evolve SH 2 from sulphide 
of antimony and C1H; the gas passes first into a wash-bottle, and then 
into a strong flask containing the solution under trial. This flask is 
furnished with a safety-valve, proportioned to the strength of the 
apparatus ;the two tubes dipping into the wash- bottle and the last flask 
are provided with Bunsen's valves, which only allow the gas to pass 
in one direction. The hydric sulphide is then driven over by heat, 
and when sufficient gas has in this way passed into the liquid, the 
flame is withdrawn, and the apparatus allowed to stand for some 
hours, the valves preventing any backward flow of the liquid or gas 
When the precipitate has settled to the bottom, the supernatant fluid 
is carefully passed through a filter, and the precipitate washed by 
decantation in the flask -without transference to the filter, if it can 
be avoided. 

The impure sulphide is washed with water, then with alcohol, then 
with, carbon disulphide, then, after having got rid of the latter, again 
with alcohol, and finally with water. It is then dissolved in ammonia, 
the ammonia solution filtered, and the filtrate evaporated to dryness 
on a sand-bath at a somewhat high temperature ; in this way it is 
freed from sulphur and, to a great extent, from organic matter. After 
weighing, it may be purified or identified by some of the following 
methods : — 

(a) Solution in Ammonia and. Estimation by Iodine* — The filter 
is pierced, the sulphide washed into a flask by ammonia water (which 
need not be concentrated), and dissolved by warming, filtered from any 
insoluble matte?, and estimated by iodine and starch. 

(5) Oxidation of the Sulphide and Precipitation as Ammonia 
Magnesian Aiseniate, — The tersulphide is dissolved in ammonia 
(not omitting the filter-paper, which should be soaked in this 
* P. Champion and H, Pellet^ Bull. Soc. Chim, ( 2 ), xxvj. pj>. 541-544. 



§ 746 .] 


ARSENIC. 


597 

reagent), the solution filtered, and evaporated to dryness. The dry 
residue is now oxidised by fuming nitric acid, taking care to protect 
the dish with a large watch-glass (or other cover) during the 
first violent action; the dish is then heated in the water-bath until 
all the sulphur has disappeared, and only a small bulk of the liquid 
remains ; it is then diluted and precipitated by “ magnesia mixture.” * 
The fluid must stand for several hours, and, if the arsenic is to be 
determined as the usual ammoniacal salt, it must be passed through 
a weighed filter, and washed with a little ammoniacal water (1:3) 
The solubility of the precipitate is considerable, and for every 16 o.c 
of the filtrate (not the washings) 1 mgrnr. must be allowed. The 
precipitate, dried at 100°, 2(NH 4 MgAs0 4 )H,0, represents 3947 per 
cent, metallic arsenic. 

The solubility of the magnesium arseniate itself, and the general dis- 
like which chemists have to weighing in such hygroscopic material as a 
filter, are, perhaps, the main reasons for the variation of this old method, 
which has lately come into notice. Rose proposed some time ago the con- 
version of the double salt into the pyro-arseniate — a method condemned 
by Fresenius and Parnell, hut examined and pronounced a practicable 
and accurate process by Remol, Rammelsberg, Thorpe, Fuller, Wittstein, 
Emerson, Macivor, Wood, and Brauner. The modification of Rose's 
process, recommended by Wood,! and still further improved by Brauner, % 
may be accepted. 

The precipitation is effected by magnesia mixture, with the addition 
of half its bulk of alcohol. The solution is allowed to stand for several 
hours, until it is possible to decant the clear liquid from the precipitate ; 
the latter is now dissolved in C1H, reprecipitated as before, thrown on a 
small filter, and washed with a mixture of one volume of ammonia, two 
volumes of alcohol, and three of water. 

The precipitate is now dried, and transferred as completely as 
possible from the filter into a small porcelain crucible, included in 
a larger one made of platinum, moistened with nitric acid, covered 
and heated at first gently, lastly to a bright redness ; the filter is 
then treated similarly, and the crucible with its contents weighed. 
Pyro-arseniate of magnesia (Mg 2 As 2 O r ) contains 48'29 per cent, of 
metallic arsenic. 

* Magnesia Mixture : — 

Sulphate of magnesia, . ..... . . . 1 

Chloride of ammonium, ....... 1 

Solution of ammonia, 4 

Water 8 

Dissolve ; then allow to stand for several days ; finally filter, and keep for use. 

t Zdtschr. filr anal, Chcm , , vol, xiv, p, 356. 

X Ibid., xvj, pp, 57, 58. 
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(c) Conversion of the Trisulphide of Arsenic into the Arsenomo. 
lybdate of Ammonia. — The purified sulphide is oxidised by nitric acid ; 
the acid solution is rendered alkaline by ammonia, and then precipitated 
by a molybdenum solution, made as follows; — 100 grms. of molybdic 
acid are dissolved in 150 c.c. of ordinary ammonia and 80 of water ; this 
solution is poured drop by drop into 500 c.c. of pure nitric acid and 300 c.c. 
of water ; it is allowed to settle, and, if necessary, filtered. The molybdic 
solution must be mixed in excess with the liquid under treatment, the 
temperature raised to 70“ or 80°, and nitric acid added in excess until 
a yellow coloration appears ; the liquid is then passed through a tared 
filter, and dried at 100“. It contains 5'1 per cent, of arsenic acid 
[3-3 As].* 

(d) Conversion of the Sulphide into Metallic Arsenic. — If there 
should be any doubt as to the nature of the precipitated substances, the 
very best way of resolving this doubt is to reduce the sulphide to metal ; 
the easiest method of proving this is to dissolve in potash and obtain 
arsine by the action of aluminium ; or if it is desired to evolve arsine 
from an acid solution with zinc in the usual way, then by dissolving 
a slight excess of zinc oxide in potash or soda, and dissolving in this the 
arsenic sulphide ; the zinc combines with all the sulphur, and converts 
the sulpharsenite into arsenite ; the zinc sulphide is filtered off, and the 
filtrate acidified and introduced into Marsh’s apparatus. The original 
process of Fresenius was to mix the sulphide with carbonate of soda 
and cyanide of potassium, and place the mixture in the wide part of a 
tube of hard German glass, drawn out at one end to a capillary fineness. 
Carbonic anhydride, properly dried, was passed through the tnbe, and 
the portion containing the mixture heated to redness ; in this way the 
arsenical sulphide was reduced, and the metal condensed in the capiL 
lary portion, where the smallest quantity could be recognised. A more 
elaborate and accurate process, based on the same principles, has been 
advocated by Mohr.f 

A convenient quantity of carbonate of soda is added to the sulphide, 
and the whole mixed with a very little water and gently warmed. The 
yellow precipitate is very soon dissolved, and then the whole is 
evaporated carefully, until it is in a granular, somewhat moist, adhesive 
state. It is now transferred to a glass tube, open at top and bottom, 
but the top widened into a funnel ; this tube is firmly held perpendicu- 
larly on a glass plate, and the prepared sulphide hammered into a 
compact cylinder by the aid of a glass rod, which just fits the tube. 
The cylinder is now dried over a flame until no more moisture is to 
be detected, and then transferred into a glass tube 4 or 5 inches long, 

* Champion and Pellet, Bull, Soc, Chim,, Jan. 7, 1877. 

t Mohr’s Toxicologic, p, 57. 
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and with one end drawn to a point (the weight %f *£his tube should be 
first accurately taken). The tube is eonnectecKwith the folio wrng ; 
series: — (1) A chloride of calcium tube; (2) a small bottle containing' 
nitrate of silver solution ; (3) a hydrogen-generating bottle containing 
zinc and sulphuric acid. The hydrogen goes through the argentic 
nitrate solution, leaving behind any sulphur and arsenic it may contain ; 
it is then dried by chloride of calcium, and streams in a pure dry state 
over the cylinder of prepared sulphide (no error with regard to impurities 
in the gas is likely to occur; but in rigid inquiries it is advisable to 
heat a portion of the tube, previous to the insertion of the cylinder, for 
some time, in order to prove the absence of any external arsenical 
source) ; when it is certain that pure hydrogen, unmixed with air, is 
being evolved, the portion of the tube in which the cylinder rests is 
heated slowly to redness, and the metallic arsenic sublimes at a little 
distance from the source of heat. Loss is inevitable if the tube is too 
short, or the stream of hydrogen too powerful. 

The tube, after the operation, is divided ; the portion soiled by the 
soda thoroughly cleansed, and then both parts weighed ; the difference 
between the weight of the empty tube and the tube + arsenic gives the 
metallic arsenic. This is the process as recommended by Mohr ; it may, 
however, be pointed out that the glass tube itself loses weight when any 
portion of it is kept red-hot for some little time ; and, therefore, unless 
the crust is required in the original tube, it is better to divide it, 
carefully weigh the arsenical portion, remove the crust, and then 
re-weigh, The method is not perfectly accurate. The mirror is 
not pure metallic arseuic, and if the white alkaline residue be 
examined, arsenic will be detected in it, the reason being that the 
arsenical sulphide generally contaius pentasulphide of arsenic as well as 
free sulphur, Now the pentasulphide does not give up metallic arsenic 
when treated as before detailed ; nor, indeed, does the trisulphide, if 
mixed with much sulphur, yield an arsenical crust. It is, therefore, of 
great moment to free the precipitate as much as posible from sulphur, 
before attempting the reduction, 

The development of a reducing gas from a special and somewhat 
complicated apparatus is not absolutely necessary. The whole process 
of reduction, from beginuing to end, may take place in a single tube by 
any of the following processes : — (1) The sulphide is mixed with oxalate 
of soda (a salt which contains no water of crystallisation), and the dry 
mixture is transferred to a suitable tube, sealed at one end. An 
arsenical mirror is readily obtained, and, if the heat is continued long 
enough, no arsenic remains behind — an excellent and easy method, in 
■which the reducing gas is carbonic oxide, in an atmosphere of carbonic 
anhydride, (2) The sulphide is oxidised by aqua regia , and the solution 
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evaporated to complete dryness. The residue is then dissolved in a few 
drops of water, with the addition, of some largish grains of good wood 
charcoal (which absorb most of the solution), and the whole carefully 
dried. The mass is now transferred to a tube closed at one end, a little 
charcoal added in the form of an upper layer, and heat applied first to 
this upper layer, so as to replace the air with C0 2 , and then to bring 
the whole tube gradually to redness from above downwards. In this 
case also the whole of the arsenic sublimes as a metallic mirror. 

There are various other modifications, but the above are trustworthy, 
and quite sufficient. 

2. ANTIMONY. 

§ 747. Metallic Antimony. — Atomic weight, 120'3 (R. Schneider), 
120T4 (Cook) ; specific gravity, 6'715 ; fusing-point about 621° 
( 1 150° F. ). In the course of analysis, metallic antimony may be seen 
as a black powder thrown down from solutions ; as a film deposited on 
copper or platinum ; and, lastly, as a ring on the inside of a tnbe from 
the decomposition of stibine. At a bright red -heat it is volatilised 
slowly, even‘d when hydrogen is passed over it ; chlorine, bromine, and 
iodine combine with it directly. It may he boiled in concentrated 
C1H without solution ; but aqua regia, sulphides of potassium and 
sodium ( readily dissolve it. The distinction between thin films of this 
metal and arsenic on copper and glass are pointed out at pp. 583 
and 584. It is chiefly used in the arts for purposes of alloy, and enters 
to a small extent into the composition of fireworks (vide pp. 556 
and 604), 

§ 748. Antimonious Sulphide. — Sulphide of antimony = 336 ; com- 
position in 100 parts, Sb 71'76, S 28'24, The commercial article, known 
under the name of black antimony, is the native sulphide, freed from 
siliceous matter by fusion, and afterwards pulverised. It is a crystalline 
metallic-looking powder, of a steel-grey colour, and is often much con- 
taminated with iron, lead, copper, and arsenic. 

The amorphous sulphide (as obtained by saturating a solution of 
tartar emetic with SH 2 ) is an orange-red powder, soluble in potash and 
in ammonic, sodic, and potasic sulphides ; and dissolving also in 
hydrochloric acid with evolution of SH 2 . It is insoluble in water and 
very dilute acid, scarcely dissolves in carbonate of ammonia, and is 
quite insoluble in potassic bisulphite, If ignited gently in a stream of 
carbonic acid gas, the weight remains constant. To render it anhydrous, 
a heat of 200° is required. 

Several lamentable accidents have happened through mistaking the 
sulphide of antimony for oxide of manganese, and using it with potassic 
chlorate for the production of oxygen. The addition of a drop of 
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hydrochloric acid, it is scarcely necessary to say, will distinguish 
between the two. 

Antimony is frequently estimated as sulphide. An amorphous 
tersulphide of mercury, containing a small admixture of antimonious 
oxide and sulphide of potassium, is known under the name of Kermea 
mineral, and has been employed in the vulcanising of india-rubber. 
Prepared in this way, the latter may be used for various purposes, and 
thus become a source of danger. It behoves the analyst, therefore, in 
searching for antimony, to take special care not to use any india-rubber 
fittings which might contain the preparation. 

A pentasulphide of antimony (from the decomposition of Schleppe’s 
salt [Na 3 Sb 6 S 4 + 9H 2 0], when heated with an add) is used in calico- 
printing. 

§ 749. Tartarated Antimony, Tartrate of Potash and Antimony, 
or Tartar Emetic, is, in a medico-legal sense, the most important of 
the antimonial salts. Its formula is KSbC 4 H 4 0 7 H 2 0, and 100 parts, 
theoretically, should contain 35' 2 per cent, of metallic antimony. The 
B. P. gives a method of estimation of tartar emetic not free from error, 
and Professor Dunstan has proposed the following: — Dissolve O' 3 grm. 
of tartar emetic in SO c.c, of water, add to this 10 e.c. of a 5 per cent, 
solution of sodium bicarbonate, and immediately titrate with a decinormal 

solution of iodine, using starch as an indicator. One c.c. of ^ iodine = 

0‘0166 grm, tartar emetic ; therefore, if pure, the quantity used by 
0‘3 grm. should be 18 c.c. Tartar emetic occurs in commerce in 
colourless, transparent, rhombic, octahedral crystals, slightly efflorescing 
in dry air. 

A crystal, placed in the subliming cell (p. 260), decrepitates at 193'3° 
(380° F,), sublimes at 248‘8° (480° F.) very slowly and scantily, and 
chars at a still higher temperature, 287'7° (550° F.), On evaporating a 
few drops of a solution of tartar emetic, and examining the residue by 
the microscope, the crystals are either tetrahedra, cubes, or branched 
figures, 100 parts of cold water dissolve 5 of tartar emetic, whilst the 
same quantity of boiling water dissolves ten times as much, viz., 50. 
The watery solution decomposes readily with the formation of algae ; it 
gives no precipitate with ferrocyanide of potassium, chloride of barium, 
or nitrate of silver, unless concentrated. 

§ 750. Metantimonic Acid, so familiar to the practical chemist from 
its insoluble sodium salt, is technically applied in the painting of glass, 
porcelain, and enamels ; and in an impure condition, as antimony ash, to 
the glazing of earthenware 
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§751. Pharmaceutical, Veterinary, and Quack Preparations 
of Antimony.* 

(1) Pharmaceutical Preparations; — 

Oxide of Antimony (Sb 2 O s ) is a white powder, fusible at a low red 
heat, and soluble without effervescence in hydrochloric acid, the solution 
responding to the ordinary tests for antimony. Arsenic may be present 
in it as an impurity. Carbonate of lime appears also to have been found 
in the oxide of commerce. 

Antimonial Powder is composed of one part of oxide of antimony 
and two parts of phosphate of lime ; in other words, it ought to give 
33'3 per cent, of Sb 2 0 3 . 

Tartar Emetic itself has been already described. The preparations 
used in medicine are — 

The Wine of Antim ony (Vinum antimoniale), which is a solution 
of tartar emetic in sherry wine, and should contain two grains of the salt 
in each ounce of the wine (0'45 grm. in 100 c.c.). 

Antimony Ointment (Unguentum antimonii tartarati) is a mechani- 
cal mixture of tartar emetic and lard, or simple ointment ;f strength, 20 
per cent. There is no recorded case of conviction for the adulteration of 
tartar emetic ; cream of tartar is the only probable addition. In such a 
case the mixture is less soluble than tartar emetic itself, and on adding 
a small quantity of carbonate of soda to a boiling solution of the suspected 
salt, the precipitated oxide at first thrown down becomes redissolved. 

Solution of Chloride of Antimony is a solution of the tcrchloridc in 
hydrochloric acid ; it is a heavy liquid of a yellowish-red colour, power- 
fully eschatotic ; its specific gravity is 1'47 j on diiutiou with water, the 
whitish-yellow oxychloride of antimony is precipitated. One drachm 
(3'549e.c.) mixed with four ounces (112 c.c.) of a solution of tartaric 
acid (‘25 ; 4) gives a precipitate with SH 2 , which weighs at least 22 
grains (1 ‘425 grm.), This liquid is used on very rare occasions as an 
outward application by medical men ; farriers sometimes employ it in 
the foot-rot of sheep. 

Purified Black Antimony (Antimonium nigrum purificatum) is the 
purified native sulphide Sb 2 S 3 ; it should be absolutely free from arsenic. 

Sulphurated Antimony (Antimonium sulphuratum) is a mixture of 
sulphide of antimony, Sb 2 S 2 , with a small and variable amount of oxide, 
Sb 2 0 3 . The B.P, states that 60 grains (3'888 grms.) dissolved tu C1H, 
and poured iuto water, should give a white precipitate of oxychloride of 

* The history of antimony as a drug is curious. I ts use was prohibited in Franco 
in 1566, because it was considered poisonous, one Besnier being actually expelled from 
but faculty for transgressing the law on tills point. The edict was repealed in 1650 ; 
the in 1668 there was a fresh enactment, confining its use to the doctors of the faculty. 

t Simple ointment is composed of white wax 2, lard 3, almond oil 3 parts. 
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antimony, which (properly washed and dried) weighs about 53 grains 
(3 '444 grins.). The officinal compound pill of subchloride of mercury 
(Pilula hydrargyri suhchloridi composita ) contains 1 grain ('0648 grm ) 
of sulphurated antimony in every 5 grains ('324 grm.) ( i.e, 20 per cent 
(2) Patent and Quack Pills: — 


Dr, J. Johnson's Pills. — From the formula each pill should contain ; 


Compound Extract of Colocynth, 

Grains. 

. 2*5 = 

Grm, 

•162 

Calomel, . . .... 

'62 = 

'039 

Tartar Emetic, ..... 

■04 = 

'002 

Oil of Cassia, ..... 

■12 = 

'007 


3 '28 = 

'210 


The oil of cassia can he extracted by petroleum ether ; the calomel sublimed and 
identified by the methods given in the article on “Mercury” ; the antimony de- 
posited in the metallic state on platinum or tin ; and the colocynth extracted by 
dissolving in water, acidifying, and shaking up with chloroform. On evaporating 
the chloroform the residue should taste extremely hitter; dissolved in sulphuric acid 
it changes to a red colour, and dissolved in Frbhde’s reagent to a eherry-red. It 


should also have the ordinary reactions of a glucoside T 
Mitchell’s Pills contain iu each pill ; — 

Grains. Grm. 

Aloes, ....... 

. IT = '070 

Rhubarb, 

• 1-6 -= '103 

Calomel, 

'16 = '010 

Tartar Emetic 

'05 = '003 

2'91 = T86 


The mineral substances in this are easy of detection by the methods already given v 
the aloes by the formation of ehrysammie acid, and the rhubarb by its microscopical 
characters, 

Dixon’s Pills probably contain the following in each pill : — 


Grains. Grm. 

Compound Extract of Colocynth, , , , 2'0 = T296 

Rhubarb, . l'O = '0648 

Tartar Emetic, '06 = '0038 


3'06 = '1982 

(3) Autimoniai Medicines, chiefly Veterinary : * — 

Liver of Antimony is a preparation formerly much used by farriers. It is a 


* There has long prevailed an idea (the truth of which is doubtful) that antimony 
given to animals improves their condition; thus, the Encyclop. Brit,, 6th ed., art. 
"Antimony”; — “A horse that is lean and scrubby, and not to be fatted by any 
means, will become fat on taking a dose of antimony every morning for two months 
together. A hoar fed for brawn, and having an ounce of antimony given him every 
morning, will become fat a fortnight sooner than others put into the sty at the same 
time, and fed in the same manner, but without the antimony.” Probably the writer 
means by the term anti'nony the impuie sulphide. To this may be added the urn 
doubted fact, that in Brunswick the breeders of fat geese add a small quantity of 
antimonious oxide to the food, as a traditional custom, 
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mixture of antimonious oxide, sulpiride of potassium, carbonate of potassium, and 
undeeomposed trisulphide of arrtimony (and niay also contain sulphate of potassium), 
all in very undetermined proportions. When deprived ot the soluble potash salts, 
it becomes the washed saffron of antimony of the old pharmacists. A receipt for a 
grease^ ball, in a modern veterinary work, gives, with liver of antimony, cream of 
tartar and gnaiacum as ingredients. 

Hind's Sweating.ball is composed of 60 grains(3'888 grins.) of tartar emetic and 
an equal portion of assafcetida, made up into a ball with liquorieeqiowder and syrup. 
The assafcetida will be readily detected by the odour, and the antimony hy the 
methods already recommended. 

Ethiops of Antimony, very rarely used now, is the mechanical mixture of the 
sulphides of antimony and mercury — proportions, 3 of tlie former to 2 of the hitter. 

The Flowers of Antimony is an impure oxysulpliido of antimony, with variable 
proportions of trioxide and undecomposed trisulphide. 

Diaphoretic Antimony (calcined antimony) is simply aiitiiuoiliute of potash. 

Glass of Antimony is a mixture of sulphide and oxide of antimony, contaminated 
with a small quantity of silica and iron. 

A quack pill, by name, Ward’s Red Pill, is said to contain glass of antimony and 
dragon's blood. 

Antimonial Compounds used in Pyrotechny ; — 

Blue Fire 

Antimonious sulphide, ........ 1 

Sulphur, i 2 

Nitre, ........ ... 6 

This composition is used for the blue or Bengal signal-light at sea. Bisulphide 
of carbon and water are solvents which will easily separate the powder into its three 
constituents, 


Crimson Fire; — 


Potassic Chlorate, ..... 

17 '25 

Alder or Willow Charcoal, 

4' 5 

Sulphur, 

18- 

Nitrate of Strontia, .... 

55- 

Antimonious Sulphide, .... 

5' 5 


The spectroscope will readily detect stroutia and potassium, anil the analysis 
presents no difficulty. In addition to these a very groat number of cither pyro- 
technical preparations contain antimony. 

§ 752, Alloys, — Antimony is much used in alloys. The ancient P&nki euriicu, 
or everlasting emetic cups, were made of antimony, and with wine standing in tliom 
for a day or two they acquired emetic properties. The principal antimonial alloys 
are Britannia and type metal, the composition of which is as follows : — 


Britannia Metal, Best, . 

Tin, 

per cent. 
. 92 '0 

Hopper 
per cent. 
1 '8 

Antimony, 
per cent. 
6‘2 

Common, 

. 92 T 

2-0 

5'9 

For Castings, 

. 92'9 

1'8 

5'3 

For Lamps, , 

, 94 ‘0 

1'8 

4‘7 

Type Metal, , , , -j 

Tea Dead, 
per cent. 

(1) 75 

Antimony, 
per cent. 
20 

Block nn, 
per cent. 

5 

J l 

Metal for Stereotype, 

(2) 70 
. 84-2 

25 

13-5 

5 

2‘3 


There is also antimony in brass, concave mirrors, bell-metal, etc. 
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§ 753. Pigments.— Cassdla and Naples yellow are principally composed of the 
antimoniate of lead. 

Antimony Yellow is a mixture of antimoniate of lead with basic chloride of 

lead. 

§ 754. Dose, — A medicinal dose of a soluble antimonial salt should 
not exceed 97'2 mgrms. (1| grain). With circumstances favouring its 
action, a dose of 129'6 mgrms. (2 grains) has proved fatal ; * but this 
is quite exceptional, and few medical men would consider so small a 
quantity dangerous for a healthy adult, especially since most posological 
tables prescribe tartar emetic as an emetic in doses from 64' 8 to 194'4 
mgrms. (1 to 3 grains). The smallest dose which has killed a child 
appears to be 48'5 mgrms. (f grain). f The dose of tartar emetic for 
horses and cattle is very large, as much as 5'832 grms. (90 grains) 
being often given to a horse in his gruel three times a day. 3 '8 grms. 
(60 grains) are considered a full, but not an excessive, dose for cattle ; 
'38 grm. (6 grains) is used as an emetic for pigs, and half this quantity 
for dogs. 

§ 7 55. Effects of Tartar Emetic and of Antimony Oxide on Animals. 
— Large doses of tartar emetic act on the warm-blooded animals as on 
man ; whether the poison is taken by the mouth, or injected subcu- 
taneously, all animals able to vomit + do so. The heart’s action, at 
first quickened, is afterwards slowed, weakened, and lastly paralysed. 
This action is noticed in cold as well as in warm blooded animals. It is 
to be ascribed to a direct action on the heart ; for if the brain and 
spinal cord of the frog be destroyed — or even if a solution of the salt be 
applied direct to the frog’s heart separated from the body — the effect is 
the same. The weak action of the heart, of course, causes the blood- 
pressure to diminish, and the heart stops in diastole. The voluntary 

* Taylor, Guy's .Hosy. Reports , Oct. 1857. t Op, cit, 

+ L. Hermann ( Lehrbuch dcr experimentellen Toosicologie) remarks that the 
vomiting must be considers! as a reflex action from the inflammatory excitement of 
the digestive apparatus, especially of the stomach, It is witnessed if the poison is 
administered subcutaneously or injected into the brain. Indeed, it is established 
that (at least, so far as the muscles are concerned) the co-ordinate movements 
producing vomiting are caused by excitement of the medulla oblongata, Giauunssi 
and others found that after section between the first and third vertebrae of dogs, and 
subsequent administration of tartar emetic, no vomiting took place; and Grimm’s 
researches seem to show that the suspected vomit'centre is identical with the 
respiratory centre, so that the vomiting movement is only an abnormal respiratory 
movement, L, Hermann, however, considers the theory that when tartar emetic 
is introduced into the vessels the vomit, centre is directly excited, erroneous, for (1) 
in introducing it by the veins much larger doses are required to excite vomiting than 
by the stomach ; and (2), after subcutaneous injection of the salt, antimony is found 
in the first vomit. His explanation, therefore, is that antimony is excreted by the 
-intestinal tract, and in its passage excites this action, Majendie’s well-known 
experiment — demonstrating that, after extirpation of the stomach, vomiting move- 
ments were noticed— is not considered opposed to this view. 
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muscles of the body are also weakened ; the breathing is affected, partly 
from the action on the muscles. The temperature of the body is 
depressed (according to F, A. Falck's researches) from 4'4° to 6'2°. 

The effect of small doses given repeatedly to animals has been 
several times investigated. Dr. Nevin* experimented upon eleven 
rabbits, giving them tartar emetic four times a day in doses of 32'4 
mgrms, grain), 64'8 mgrrus. (1 grain), and 129'6 mgrms. (2 grains). 
Five died, the first after four, the last after seventeen days ; three 
were killed after one, three, and four days respectively, two after an 
interval of fourteen days, and one thirty 'One days after taking the last 
dose. There was no vomiting ; diarrhoea was present in about half the 
number ; one of the rabbits, being with young, aborted. The chief 
symptoms were general dulness, loss of appetite, and in a few days 
great emaciation. Four of the five that died were convulsed before 
death ; and several of the animals exhibited ulcers of the mucous 
membrane of the mouth, in places with which the powder had come in 
contact. Caillol and Li von have also studied the action of small doses 
of the white oxide of antimony given in milk to cats. A cat took in 
this way in 109 days '628 grm. The animal passed gradually into a 
cachectic state, diarrhoea supervened, and it died miserably thin and 
exhausted. 

§ 756. Effects of Tartar Emetic on Man.f — The analogy between 
the symptoms produced by arsenic and antimony is striking, and in 
some acute cases of poisoning by tartar emetic there is but little (if 
any) clinical difference. If the dose of tartar emetic is very large, 
there may be complete absence of vomiting, or only a single evacuation 
of the stomach. Thus, in a case mentioned by Taylor, in which a 
veterinary surgeon swallowed by mistake 13 grins, (200 grains) of 
tartar emetic, vomiting after fifteen minutes could only be iuduced by 
tickling the throat. So, again, ru the case reported by Mr. Freer, 
a man, aged 28, took 7 '77 grms. (120 grains) of tartar emetic 
by mistake for Epsom salts ; he vomited only once ; half an hour 
after taking the poison he had violent pain in the stomach and 
abdomen, and spasmodic contraction of the abdomen and arms ; 

* Lever, Med. Cldr. Joum., No, 1. 

t Antimony occasionally finds its way into articles of food through obscure 
channels, Dr, Page has recorded the fact of antimonial lozenges having been sold 
openly by an itinerant vendor of confectionery. Each lozenge contained nearly a 
quarter of a grain (T6 mgrm,), and they caused welbmarked symptoms of poisoning 
in the case of a servant and two children. How the antimony got in was unknown. 
In this case it appears to have existed not as tartar emetic, but as an insoluble oxide, 
for it would not dialyse hi aqueous solution. — “ On a remarkable instance of Poison' 
ing by means of Lozenges containing Antimony,” by David Page, M.D., Medical 
Officer of Health, Lancet , voh i., 1879, p. 699. 
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the fingers were firmly contracted, the muscles quite rigid, and 
there was involuntary aqueous purging. After six hours, during 
which he was treated with green tea, brandy, and decoction of oak- 
bark, he began to recover, but suffered for many nights from profuse 
perspirations. 

With more moderate and yet large doses, nausea and vomiting are 
very prominent symptoms, and are seldom delayed more than half an 
hour. The regular course of symptoms may therefore be summed up 
thus : — A metallic taste in the mouth repeated vomitings, which are 
sometimes bloody ; great faintness and depression ; pains in the abdomen 
and stomach; and diarrhoea, which may be involuntary. If the case is 
to terminate fatally, the urine is suppressed, the temperature falls, the 
face becomes cyanotic, delirium and convulsions supervene, and death 
occurs in from two to six days. Antimony, like arsenic, often produces 
a pustular eruption. Solitary cases deviate more or less from the 
course described — i.e, severe cramps affecting all the muscles, 
haemorrhage from the stomach, kidney, or bowel, and death from collapse 
in a few hours, have all been noticed. In a case recorded by Mr. 
Morley,* a surgeon’s daughter, aged 18, took by mistake an unknown 
quantity of antimonial wine ; she soon felt sleepy and powerless, and 
suffered from the usual symptoms in combination with tetanic spasms 
of the legs. She afterwards had enteritis for three weeks, and on 
recovery her hair fell off. Orfila relates a curious case of intense spasm 
of the gullet from a large dose of tartar emetic. 

§ 757. Chronic Antimonial Poisoning, — The cases of Palmer and 
J. P. Cook, M, Mullen, Freeman, Winslow, Pritchard, the remarkable 
Bravo case, and the Clxapman case have given the subject of chronic 
antimonial poisoning a considerable prominence, In the trials referred 
to, it was shown that medical men might easily mistake the effects of 
doses of antimony given at intervals for the action of disease — the 
symptoms being great nausea, followed by vomiting, chronic diarrhoea, 
alternating with constipation, small frequent pulse, loss of voice, great 
muscular weakness, depression, with coldness of the skin and a clammy 
perspiration. In the case of Mrs Pritchard, t her face was flushed, and 
her manner so excited as to give an ordinary observer the idea that she 
had been drinking ; and with the usual symptoms of vomiting and 
purging, she suffered from cramps in the hands, Dr. Pritchard tried to 
makq it appear that she was suffering from typhoid fever, which the 
symptoms in a few respects only resembled, 

According to Eulenberg, workmen, exposed for a long period to the 
vapour of the oxide of antimony, suffer pain in the bladder and a burn- 

* Brit, Med, Journ. , 1879. 

t Bdin, Med, Jour%., 1865. 
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ing sensation in the urethra, and continued inhalation even leads to 
impotence and wasting of the testicles.* 

§ 758. The Chapman Case. — Severino Kloswsti alias George Chapman 
was a Russian Pole who had been apprenticed to a surgeon in Warsaw, 
and had obtained the degree of 11 Faldscher.” Coming to England he 
acted as a barber’s assistant, and married a Luccz Paderssi in October 
1889, This woman left him after a short time, He then took the 
name of Chapman and lived with a woman, Mrs, Isabella Spint, who 
passed as Mrs. Chapman, The couple went to live at Hastings, where 
Chapman became more or less intimate with a chemist, from whom he 
obtained about an ounce of tartar emetic. Leaving Hastings, he next 
appears as the landlord of the ‘'Prince of Wales” public-house, Bartholo- 
mew Square, Finsbury. Mrs, Chapman now became ill, the chief symp- 
tom being frequent vomiting, Chapman ascribing her illness to excessive 
drinking. On Christmas Day, 1897, Mrs. Chapman was extremely ill, 
and her husband gave her frequent doses of brandy, after each of which 
the sickness increased. She died about midday. His next victim was 
Elizabeth Taylor, who first appeared as barmaid, and was then per- 
suaded to go through some form of marriage with Chapman in the 
spring of 1899. In March they moved into the “Monument” public 
house in Southwark, where the woman became ill, the symptoms being 
the same as before. Dr, Stoker, who was called in on 1st January, 
ascribed the illness to some obscure stomach disease, this opinion being 
confirmed by two medical colleagues who were summoned. The case 
ended fatally on 13th February. 

In August, Maud Marsh appears as barmaid, and in October the 
parents of this girl were deceived by a tale of a sudden marriage with 
Chapman. The “ Monument ” public-house shortly after this being burnt 
down, the couple moved to the “Crown,” where, owing to the attraction 
of a new barmaid, Chapman’s affection for Maud Marsh seems to have 
waned, with the result that iu July 1902 Maud began to feel unwell- 
She had brandy administered to her by Chapman which always brought 
on violent sickness. On 28th July she went to Guy’s Hospital as an 
in-patient for three weeks, where she was treated for inflammation of the 
stomach and discharged cured. On returning to the “ Crown ” she at once 
became ill again, and in the beginuing of October Dr. Stoker was again 
called in, and, later, Dr, Grapell, On 22nd October Maud Marsh died, 
and Dr. Stoker refused to give a certificate of death before holding a 
post-mortem examination. 

Dr. Stoker’s preliminary examination revealed mnch inflammation 

* In the first operations of finishing printers’ types, the workmen inhale a 
metallic dust, which gives rise to effects similar to lead colic ; and probably in this 
case the lead is more active than the associated antimony, 
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of the stomach, but no sigus of organic disease. He sent some portion 
of the viscera to Mr. Bodmer, Public Analyst for Bermondsey, who found 
in it arsenic in small quantity and a considerable quantity of antimony. 
Chapman was now arrested, and his room at the “Crown” searched, 
where the police found several medical works and sortie powders which, 
upon analysis, proved to be tartar emetic. 

A further post-mortem examination was made on the body of Maud 
Marsh by Dr. Freyberger, pathologist to the London County Council, 
and the organs submitted to Dr, Stevenson for analysis. The result of 
these investigations left no doubt as to the cause of death, Dr. Stevenson 
finding from 25 to 30 grains of tartar emetic in die stomach alone. 
In the meanwhile the bodies of Bessie Taylor and Isabella Spint were 
exhumed, and found to be iu an astonishing state of preservation, 
especially remarkable in the case of the latter who had been buried five 
years. Dr. Stevenson found 1 ‘ 37 grains of antimony in the organs of 
Isabella Spint, and no less than 29' 12 grains in these of Bessie Taylor. 

Chapman was found guilty, and hanged on 7th April 1903. 

§ 759. Post-mortem Appearances. — The effect of large doses of 
tartar emetic is mainly concentrated upon the gastro-intestinal mucous 
membrane. There is an example in the museum of University College 
Hospital of the changes which resulted from the administration of tartar 
emetic in the treatment of pneumonia. These are ascribed in the cata- 
logue, in part to the local action of the medicine, and in part to the 
extreme prostration of the patient. In the preparation (No. 1052) the 
mucous membrane over the fore border of the epiglottis and adjacent 
part of the pharynx has been destroyed by sloughing; the ulceration 
extends into the upper part of the oesophagus, About an inch below its 
commencement, the mucous membrane has been entirely removed by 
sloughing and ulceratiou, the circular muscular fibres being exposed. 
Above the upper limit of this ulcer, the mucous membrane presents 
several oval, elongated, and ulcerated areas, occupied by strips of mucous 
membrane which have sloughed. In other places, irregular portions of 
the mucous membrane, of a dull ashen.grey colour, have undergone 
sloughing; the edges of the sloughing portion are of colours varying 
from brown to black, 

It is seldom that so much change is seen in the gullet and pharynx 
as this museum preparation exhibits ; but redness, swelling, and the 
general signs of inflammation are seldom absent from the stomach and 
some parts of the intestines On the lining membrane of the mouth, 
ulcers and pustules have been observed, 

In Dr, Nevin’s experiments on the chronic poisoning of rabbits 
already referred to, the post-mortem appearances consisted in congestion 
of the liver in all the rabbits ; in nearly all there was vivid redness of 

39 
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the stomach ; in two eases there was ulceration. ; in some, cartilaginous 
hardness of the pylorus, while in others the small intestines presented 
patches of inflammation. In two of the rabbits the solitary glands 
throughout the intestines were prominent, yellow in colour, and loaded 
with antimony. The colon and rectum were healthy, the kidneys 
congested ; the lungs were in most congested, in some actually inflamed, 
or hepafcised and gorged with blood. Bloody extravasations in the chest 
and abdomen were frequent. 

Salkowsky, - *' in feeding animals daily with antimony, found invariably 
in the course of fourteen to nineteen days fatty degeneration of the 
liver, and sometimes of the kidney and heart. In the experiment of 
Cailloland Livonalso all the organs were pale, the liver had undergone 
fatty degeneration, and the lung had its alveoli filled with large 
degenerated cells, consisting almost entirely of fat. The mesenteric 
glands also formed large caseous masses, yellowish' white in colour, 
which, under the microscope, were seen to be composed of fatty cells, so 
that there is a complete analogy between the action of arsenic and 
antimony on the body tissues. 

§ 760. Elimination of Antimony.— Antimony is mainly eliminated 
by the urine. In 1840, Orfila showed to the Academie de Mededm 
metallic antimony, which he bad extracted from a patient who bad 
taken ' 12 grm. of tartar emetic in twenty*four hours. He also obtained 
antimony from an old woman, aged 80, who twelve hours before had 
taken ‘6 grm. (9J grains)— a large dose, which had neither produced 
vomiting nor purging, In Dr. Nevin’s experiments on rabbits, antimony 
was discovered in the urine after the twelfth dose, and even in the urine 
of an animal twenty-one days after the administration of the poison had 
been suspended. According to Pouchet’sf experiments on dogs and 
rabbits, antimony in chronic poisoning accumulates in the digestive 
tract and is found in only small quantities in the organs of the body. 

§ 761. Antidotes for Tartar Emetic. — Any infusion containing 
tannin or allied astringent principles, such as decoctions of tea, oak -bark, 
etc., may be given with advantage in cases of recent poisoning by tartar 
emetic, for any of the salt which has been expelled by vomiting may in 
this way be decomposed and rendered harmless. The treatment of acute 
poisoning which has proved most successful, has been the encouraging 
of vomiting by tickling the fauces, giving strong green tea and stimu- 
lants, (See Appendix,) 

§ 762. Effects of Chloride or Butter of Antimony. — Only a few 
cases of poisoning by butter of antimony are on record : its action, 

* Tirchow’s Arch f, path, Anat,, Bd, xxv, ; also, Centralblatt f, Med, Wissen., 
No. 23, 1865. 

t Compt. Mend. , 1901. 
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generally speaking, on the tissues is like that of an. acid, but there has 
been considerable variety in the symptoms. Five cases are recorded 
by Taylor; three of the number recovered after taking respectively 
doses of 7 '7 grins, (2 drachms) and 15'5 grms. (4 drachms), and two 
died after taking from 56‘6 to 113 grms. (2 to 4 ounces). In one of 
these cases the symptoms were more like those of a narcotic poison, in 
the other fatal case there was abundant vomiting with purging. The 
autopsy in the first case showed a black appearance from the mouth to 
the jejunum, as if the parts had been charred, and extensive destruction 
of the mucous membrane. In the other case there were similar changes 
in the stomach and the upper part of the intestines, but neither the lips 
nor die lower end of the gullet were eroded. In a case recorded by 
Mr. Barrington Cooke,* a farmer's wife, aged 40, of unsound mind, 
managed to elude the watchfulness of her friends, and swallowed an 
unknown quantity of antimony chloride about 1,30 p.m. Shortly after- 
wards she vomited several times, and had diarrhoea; at 2.30 a medical 
man found her lying on her back insensible, and very livid in the face 
and neck. Sh£ was retching, and emitting from her mouth a frothy 
mucous fluid, mixed with ejected matter of a grumous colour ; the 
breathing was laboured and spasmodic ; the pulse could not be felt, and 
the body was cold arid clammy. She expired at 3.30, about one hour 
and a half from the commencement of symptoms, and probably within 
two hours from the taking of the poison. The autopsy showed 110 corru- 
gation of the tongue or inner surface of the lining membrane of the 
mouth, and no appearance of the action of a corrosive upon the lips, 
fauces, or mucous membrane of the oesophagus. The whole of the 
mucous membrane of the stomach was intensely congested, of a dark and 
almost black colour ; the rest of the viscera were healthy. Chemical 
analysis separated antimony equivalent to nearly a grm. (15 grains) of 
the chloride, with a small quantity of arsenic, from the contents of the 
stomach, 

§ 763. Detection of Antimony in Organic Matters In acute 

poisoning by tartar emetic it is not impossible to find a mere trace only 
in the stomach, the greater part having been expelled by vomiting, 
which nearly always occurs early, so that the most certain method is, 
where possible, to analyse the ejected matters. If it should be suspected 
that a living person is being slowly poisoned by antimony, it must be 
remembered that the poison is excreted by the kidneys, and the urine 
should afford some indication. The readiest way to testis to collect a 
considerable quantity of the urine (if necesary, two or three days’ 
excretion), and test. In any case, whether the analyst operates on an 
organic solid or liquid, the organic matter is destroyed by one or other of 
* Lancet , May 19, 1883. 
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tlie processes detailed at pp. 52-55 ; the acid solution ultimately obtained 
is then concentrated and saturated with, sulphuretted hydrogen. It is 
important that the liquid should only just be acid ; for Lang and Carson 
have shown that antimony sulphide is soluble in HC1 of sp. gr. 1 '16, 
and that it is generally much more soluble than arsenic sulphide. Any 
precipitate of whatever colour is filtered off, washed, and digested with 
ammonium snlphide. 

The sulphides soluble in ammonium sulphide* are as follows : — 


Arsenic 
Antimony . 
Stannous salts 
Stannic salts 
Germanium 
Selenium . 
Tellurium . 
Gold . 
Platinum . 
Iridium 


Colour of Sulphide. 

. yellow. 

. orange. 

. . brown. 

. dirty yellav. 

. white. 

. orange 
. black. 

, brownish black. 
. brownish black. 
. brownish black. 


In a toxicological research, only arsenic or antimony or tin are 
likely to be present, although, if platinum utensils have been used, we 
have known the sulphides to be darkened by a small proportion of 
platinum sulphide, 

The sulphide or sulphides may now be separated and identified in 
various ways. 

(a) Dry Method, — The sulphides are dried and intimately mixed 
with dry potassium cyanide and sodic carbonate, and submitted to the 
reducing flame of the blowpipe on charcoal ; an oniondike odour 
indicates arsenic, a white coating slowly volatilising — antimony, and 
ultimately tin, if present, may be obtained as small globules 

The dry process is, however, more applicable for the quantities met 
with iu. mineral analysis than for toxicological research. 

(b) Wet Processes. — The sulphides are treated with concentrated 
hydrochloric acid and heated to about 70°. Antimony and tin sulphides 
pass into solution ; arsenic sulphide, if present, remains, and may be 
dissolved by ammonia and ammonium carbonate. 

The solution of possible antimony and tin sulphides is placed in 
a platinum dish, and a small strip of zinc foil immersed therein. 
Antimony immediately causes a dark stain ; on removing the zinc 
thus stained, and well washing, the zinc is treated with hot nitric 

* Amm onium sulphide slightly dissolves copper sulphide, and since the liver 
always contains copper, it is useful in researches in that organ to rather use sodium 
sulphide which will not dissolve copper snlphide. Gold, platinum, and iridium 
sulphides are very insoluble by themselves, but when in presence of the arsenic group 
of sulphides are somewhat soluble 
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acid. The nitric acid solution will respond to the special tests for 
antimony ( e,g . it may be tested with, the caesium, compound salt). 
The strip of zinc freed from the antimony deposit may be replaced 
in the original liquid ; if tin is present, tin in a metallic form will be 
deposited. 

Hyposulphite Method of Separation. — This excellent method of 
obtaining a separation of the three sulphides has been already described 
(see page 56). 

Tartaric Acid Method. — The sulphide ox sulphides are treated 
with 15 cm. of nitric acid, and the mixture evaporated to dryness. 
The residue is dissolved in 100 c.c. of warm water. The arsenic acid 
dissolves, and may be precipitated by magnesia mixture ; antimony 
and tin, if present, remain as insoluble oxides on treatment with 
tartaric acid solution for an hour — antimony oxide dissolves, tin oxide 
is left. The tartrate of antimony solution may be now feebly saturated 
with hydric sulphide, adding a little HQ ; the sulphide collected is 
converted into oxide by nitric acid and weighed as tetroxide.* 

It will, however, be advisable to reserve a small portion of the 
tartaric acid solution for a confirmatory test, such as the formation 
of antimony caesium iodide. 

Sodium Peroxide Method,— The sulphides are diluted and heated 
with a little water in a porcelain basin, and caustic soda, in not too 
great excess, added until no more of the precipitate seems to dissolve. 
Three or four drops of ammonium sulphide solution are then added, and 
the liquid boiled until free from odour of ammonia. The solution is 
now diluted with warm water and filtered, 

The filtrate contains the arsenic group, and, possibly, mercury. After 
further dilution the filtrate is boiled, and sodium peroxide gradually 
added until there is a permanent effervescence of oxygen ; any mercury 
will go down as sulphide and can be filtered off— the filtrate contains 
only sodium arsenate, antimoniate, and st&nnate, 

Should tin be present, this is separated by adding ammonium chloride 
in the proportion of three times the bulk of the sodium peroxide, and 
boiling; the tin separates as a white gelatinous precipitate. 

The filtrate is now first acidified with hydrochloric acid and warmed 
until oxygen ceases to be evolved, It is then cooled and treated with 
a rapid current of SH 2 , Antimony, if present, is at once precipitated 
as an orange or golden-yellow sulphide ; this is filtered off and confirmed. 
To tiie filtrate, which ought to smell feebly of SH ? , a few drops of 
sodium thiosulphate is added and the solution warmed until a pre- 
cipitate begins to separate. The solution is then treated with SH 2 , 
If the precipitate is white, it consists merely of sulphur ; if bright yellow, 

* "W m. R, Lang, C. M. Carson, and J\ C. Mackintosh— Soc. Cliem , . Ind ., 1902. 
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it contains arsenious sulphide, which must be confirmed in the usual 
manner.* 

Antimony compounds dissolved in HC1 (1 : 4) or dilute H ? S0 4 (1 : 10) 
and treated with a solution of potassium iodide and caesium chloride 
(1 of K I to 3 of CsCl in 10 c-c, water), give the insoluble antimony 
caesium iodide in yellow or garnet-red hexagonal lamellae. This will 
detect a thousandth of a milligramme of antimony in presence of 500 
times its weight of arsenic, t Marsh’s test (already described) may, if 
antimony be present, reveal its presence by the character of the stain j 
practical chemists would not, however, in a special search for antimony 
use Marsh’s test, but proceed in the manner already detailed. The 
characters of stibine are as follows : — 

§ 763a. Stibine (antimony hydride, antimoniuretted hydrogen), 
SbITo. — Molecular weight, 125. The gas contains 97'6 per cent. Sb, 
2‘4 per cent H. The gas, by cooling with liquid air, has recently been 
obtained in a pure state. The solidified gas melts at — 88° to a colour* 
less liquid ; the boiling-point at normal pressure is - 17°4 The liquid 
has a sp. gr. of 2'26 at —25°, and 2'34 at -50°. 

At ordinary temperatures 1 volume of water dissolves 15 volumes 
of the gas ; 1 volume of alcohol dissolves also the same volume ; at 0° 

1 volume of carbon disulphide dissolves no less than 250 volumes of the 
gas. 

The dry gas is fairly stable, but the moist gas is unstable. In 
presence of air or oxygen at ordinary temperatures it decomposes into 
antimony, water, and a little hydrogen.§ The gas passed into a solu- 
tion of mercury and potassium iodides Hgl 2 + Kf (Hgl wKI, with n> 2) 
gives a brown-black precipitate of SbHg 3 I 3 ; arsine acts similarly, and 
phosphine gives, under the same circumstances, a yellow crystalline 
solid, || When the gas is passed over sulphur, stibine is decomposed 
according to the equation 2SbH 3 + 6S = Sb 2 S s + 3SH 2 , aud the sulphur 
assumes a deep orange tint. The reaction takes place very slowly in 
ordinary daylight, rapidly in sunshine. Given bright sunshine, this 
reaction may be utilised as a test. The antimony sulphide may be 
freed from sulphur by digestion in CS 2 . The distinctions between the 
stains deposited by heating arsine or stibine have been already described. 
Stibine, like arsine, is intensely poisonous ; mice die in a few seconds if 
exposed to air containing 1 per cent, of stibine. 

§ 764, Quantitative Estimation. — The quantitative estimation of 
antimony is best made by some volumetric process — e.g. the sulphide can 

* James Walker, Journ, C,S,, Trans ,, 1903, 
t Georges Deniges, Compt, Rend,, 1901. 
t Stock and Doht, Her., 1902. 

II Paul Lemoult, Compt . Rend, , 1904. 


§ Stock and Guttman, Rer, , 1904, 
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be dissolved in HC1, some tartrate of soda added, and then carbonate of 
sodato weak alkaline reaction. The strength of the solution of tartarised 
antimony thus obtained can now be estimated by a decinormal solution 
of iodine, the end reaction being indicated by the previous addition of a 
little starch solution, or by a sohition of permanganate of potash, either 
of which should be standardised by the aid of a solution of tartar emetic 
of known strength. 


3. CADMIUM. 

§ 765. Cadmium, Cd=112 ; specific gravity, 8'6 to 8'69 ; fusing.point, 227 ‘8° 
(442f F.) ; boiling.point, 860° (1580° F.). — Cadmium in analysis is seldom separated 
as a metal, but is estimated either as oxide or sulphide. 

§ 766. Cadmium Oxide, CdO=128 — cadmium, 87 '5 per cent. ; oxygen, 12'5 per 
cent. — is a yellowish or reddish.brown powder, nonvolatile even at a white heat ; 
insoluble in water, but dissolving in acids. Ignited on charcoal, it is reduced to 
metal, which volatilises, and is then deposited again as oxide, giving to the charcoal 
a distinct coat of an orange .yellow colour in very thin layers; in thicker layers, 
brown. 

§ 767. Cadmium Sulphide, CdS=144— Cd, 77'7 per cent. ; S, 22'3 per cent.— 
known as a mineral termed Greenockite. When prepared in the wet way, it is a 
lemomyellow powder, which cannot be ignited in hydrogen without loss, and is 
insoluble in water, dilate acids, alkalies, alkaline sulphides, sulphate of soda, and 
cyanide of potassium. The solution must not contain too much hydrochloric acid, 
for the sulphide is readily soluble with separation of sulphur in concentrated hydro, 
chloric acid, It may be dried in the ordinary way at 100° without suffering any 
decomposition, 

§768. Medicinal Preparations, — Thelodideof Cadmium (Cdyoccuis in white, 
flat, mieaoeous crystals; melting at about 216'5° (419'9° F.), and at a dull led heat 
giving off violet vapour. In solution, the salt gives the reactions of iodine and 
cadmium, The ointment of iodide of cadmium (Unguentum cadmii iodidi) contains 
the iodide in the proportion, of 62 grains to the ounce, or 14 per oent, 

Cadmium Sulphate is officinal in the Belgian, Portuguese, and French pliarma. 
copoeias. 

§ 769, Cadmium in the Aits, etc, — Cadmium is used in various alloys. The 
sulphide is found as a colouring ingredient in certain toilet soaps, and it is much 
valued by artists as a pigment, The iodide of cadmium is employed in photography, 
and an amalgam of metallic cadmium to some extent in dentistry. 

§770. Fatal Dose of Cadmium. — Although no deaths from the use of cadmium 
appear to have as yet occurred, its use in photography, etc., may lead to accidents. 
There can he no question about the poisonous action of cadmium, for Manure,* in 
his experiments on it with animals, observed giddiness, vomiting, syncope, difficulty 
in respiration, loss of consciousness, and cramps. The amount necessary to destroy 
life can only he gathered from the experiments on animals. A strong hound died 
after the injection of '03 grm (‘462 grain) subcutaneously of a salt of cadmium; 
rabbits are poisoned if from 19 '4 to 38 '8 mgrms. ('3 to '6 grain) are introduced into 
the stomach, A wateiy solution of '5 gim. (7 '5 grains) of the bromide administered 
to a pigeon caused instant death, without convulsion ; the same dose of the chloride 
killed a second pigeon in six minutes ; '25 grm, (3 '85 grains) of sulphide of cadmium 
administered to a pigeon exdted vomiting, and, after two hours, diairlicea — it died 
in eight day a Another pigeon died from a similar dose in fourteen days, and 


* ZeitscKr.f. rationelle Med . , vol, xxix. p, 1, 1867. 
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cadmium, ou analysis, was separated from the liver. From the above cases it would 
seem probable that 4 gnus. (61'7 grains) would be a dangerous dose of a soluble salt 
of cadmium for an adult, and that in a case of chronic poisoning it would most 
probably be found in the liver. 

§ 771. Separation and Detection of Cadmium, — If cadmium be in solution, and 
the solution is not too acid, on the addition of SH 2 there is precipitated a yellow 
sulphide, which is distinguished from antimony and arsenical sulphides by its in' 
solubility in ammonia and alkaline sulphides. Should all three sulphides be on the 
filter (an occurrence which will seldom, perhaps never, happen), the sulphide of arsenic 
can be dissolved out by ammonia, the antimony by sulphide of sodium, leaving the 
sulpiride of cadmium as the residue.* 

The further tests of the sulphide are : — 

(1) It dissolves in dilute nitric acid to a colourless fluid, with separation of 
sulphur. 

( 2 ) The solution, filtered and freed from excess of nitric acid by evaporation, gives 
with a solution of ammonic carbonate a white precipitate of carbonate of cadmium 
insoluble in excess. This distinguishes it from zinc, which gives a similar white 
precipitate, but is soluble in the excess of the precipitant. 

(3) The carbonate thus obtained, heated on platinum foil, is changed into the 
brown-red non-volatile oxide. 

(4) The oxide behaves on charcoal as already detailed. 

(5) A metallic portion can be obtained by melting the oxide with cyanide of 
potassium ; it is between zinc and tin iu brilliancy, and makes a mark on paper- like 
lead, but not so readily. There are many other tests, but the above are conclusive. 

I f cadmium in any case be specially searched for hr the organs or tissues, the latter 
should be boiled with nitric acid. The acid solution is filtered, saturated with 
caustic potash, evaporated to dryness, and ignited ; the residue is dissolved in dilute 
hydrochloric acid, and treated after filtration with SH,,. Cadmium may also be 
estimated volumetrically by digesting the sulphide in a stoppered flask with ferric 
chloride and hydrochloric acid ; the resulting ferrous compound is titrated with 
permanganate, each c,c, of a d.n. solution of permanganate = '0056 grin, of cadmium. 


II.— PRECIPITATE BY HYDRIC SULPHIDE IN HYDRO- 
CHLORIC ACID SOLUTION— BLACK. 

Lead— Copper— Bismuth— Silver— Mercury. 

1, LEAD. 

§ 772, Lead, Pb = 207, — Lead is a well-known bluish-white, soft 
metal — fusing-point, 325°; specific gravity, 1 1 '36. 

Oxides of Lead, — The two oxides of lead necessary to notice here 
briefly are — litharge and minium. 

Litharge or Oxide of Lead, PbO = 223 — specific gravity, 9'2 to 9'5 ; 
Pb 92'82 per cent., 0 7T8 — is either in crystalline scales, a fused mass, 
or a powder, varying in colonr (according to its mode of preparation) 
from yellow to reddish -yellow or orange. When prepared below the 
* It is unnecessary to state that absence of sulphur is presupposed. 
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temperature of fusion it is called “ massicot It may be fused without 
alteration in weight ; iu a state of fusion it dissolves silicic acid and 
silicates of the earths. It must not be fused in platinum vessels. 

Minium, or Red Lead, 2PbO, Pb0 2 — specific gravity, 9'08 — is a 
compound of protoxide of lead with the dioxide. It is of a brilliant red 
colour, much used in the arts, and especially in the preparation of 
flint-glass. 

§ 773. Sulphide of Lead, PbS = 239 — Pb, 86‘61 per cent. ; S, 13'39 
percent. — occurring in the usual way, is a black precipitate insoluble 
in water, dilute acids, alkalies, potassium cyanide, and alkaline sul- 
phides. It dissolves in strong nitric acid with separation of sulphur, 
and in strong hydrochloric acid with evolution of SH,. Fuming nitric 
acid does not separate sulphur, but converts the sulphide into 
sulphate. 

§ 774. Sulphate of Lead, PbS0 4 — 303 — specific gravity, 6 '3; PbO, 
73 '6 1 per cent. ; S0 3 , 26‘39 per cent. — when produced artificially, is a 
heavy white powder, of slight solubility in water, 22,800 parts of cold 
water dissolving only one of lead sulphate ; and if the water contains 
sulphuric acid, no less than 3 6, a 00 parts of water are required. Alkaline 
acetates, the acetate, tartrate, and citrate of ammonia dissolve the sul- 
phate without change ; sodic hyposulphite dissolves lead sulphate, 
changing it partly into sulphite. The sulphate can be readily changed 
into the carbonate of lead by baling it with solutions of the alkaline 
carbonates. The sulphate of lead, fused with cyanide of potassium, 
yields metallic lead ; it may be also reduced on charcoal, and alone 
it may be fused without decomposition, provided reducing gases are 
excluded. 

§ 775. Acetate of Lead, Sugar of Lead, Pb(C,H,0 2 ) 2 30H 2 = 379, 
is found in commerce in white, spongy mases composed of aoicular 
crystals. It may, however, be obtained in flat, four-sided prisms. 
It has a sweet metallic taste, is soluble in water, and responds to the 
usual tests for lead. The P.B, directs that 38 grains dissolved in 
water require, for complete precipitation, 200 grain measures of the 
volumetric solution of oxalic acid, corresponding to 2 2 '3 grains of 
oxide of lead. 

§ 776, Chloride of Lead, PbCl 2 =278 — specific gravity, 5‘ 8 ; Pb, 
74'48 per oent. j Cl, 25'52 per cent. — is in the form of brilliant crystalline 
needles. It is very insoluble in cold water containing hydrochloric or 
nitric acids, According to Bischof, 1635 parts of water containing nitric 
acid dissolve one part only of ehloride of lead. It is insoluble in absolute 
alcohol, and sparingly in alcohol of 70 to 80 percent. It fuses below 
red heat without losing weight ; at higher temperatures it may be 
decomposed. 
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Carbonate of Lead, — The commercial carbonate of lead (according 
to the exhaustive researches of Wigner and Harland *) is composed of a 
mixture of neutral carbonate of lead and hydrate of lead, the best 
mixture being 25 per cent, of hydrate, corresponding to an actual 
percentage of 12'3 per cent carbonic acid. The nearer the mixture 
approximates to this composition the better the paint ; whilst samples 
containing as much as 16'33 per cent., or as little as 1039 per cent., of 
C0 2 are practically useless. 

§ 777. Preparations of Lead used in Medicine, the Arts, etc. 

(1) Pharmaceutical: — 

Lead Plaster (Emplastrum plumbi) is simply a lead soap, in which 
the lead is combined with oleic and margaric acids, and contains some 
mechanically included glycerin. 

Lead Iodide, Pbl 2 , is contained in the Emplastrum plumbi iodidi 
to the extent of 10 per cent., and in the Unguentum plumbi iodidi to 
the extent of about 12 '5 per cent. 

Acetate of Lead is contained in a pill, a suppository, and an oint* 
ment. The pill ( Pilula plumbi cum opio ) contains 75 per cent, of lead 
acetate, and 12'5 percent, of opium, the rest confection of roses. The 
suppository (Suppusitoria plumbi c omposita) contains 20 per cent, of 
acetate of lead, and 6‘6 per cent, of opium, mixed with oil of theobroma, 
The ointment ( Unguentum plumbi acetatis ) contains 20-6 per cent, of 
lead acetate, mixed with benzoated lard. 

The solution of subacetate of lead (Liquor plumbi subacetatis) is the 
subacetate, Pb(C 2 H 8 0 2 ) 2 PbO, dissolved in water ; it contains nearly 27 
pier cent, of subacetate. 

A dilute solution of the stronger, under the name of Liquor 
plumbi subacetatis dilutus, and commonly called Goulard water, is 
prepared by mixing 1 part (by volume) of the solution and 1 part of 
spirit, and 78 parts of distilled water; the strength is equal to 1'25 
per cent. 

There is an ointment, called the Compound Ointment of subacetate of 
lead, which contains the subacetate in about the proportion of 2 pier 
cent, of the oxide, the other constituents being camphor, white wax, and 
almond oil. 

Carbonate of Lead, — The ointment (Unguentum plumbi carbonatis) 
should contain about 12 '5 per cent, of the carbonate, and the rest simple 
ointment. 

(2) Quack Nostrums, etc, 

The quack medicines composed of lead are not very numerous. 

Liebert’s Cosmetique Infaillible is said to have for its basis nitrate of lead. 


* “On the Composition of Commercial Samples of White Lead,” by G. W. 
Wigner and R. H, Harland, — Analyst, 1877, p. 208. 
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One of "Ali Ahmed’s Treasures of the Desert,” viz., the antiseptic malagma, 
is a plaster made up of lead plaster 37 ‘5 per cent, frankincense 25 per cent, , salad 
oil 25 percent., beeswax 12' 5 percent. 

Lewis’ Silver Cream contains white precipitate and a salt of lead. 

G-oulard’s Balsam is made by triturating acetate of lead with hot oil of 
turpentine. 

There are various ointments in use. made up of litharge, Some herbalists in the 
country (from eases that have come under the writers’ own knowledge) apply to 

cancerous ulcers, etc., a liniment of linseed and other common oils mixed with 

lithargs aud acetate of lead. 

Aoetate of lead may also be found as a constituent of various eye-waters. 

(3) Preparations of Lead used in the Arts, etc. : — 

Ledoyen’s Disinfecting Fluid has for i ts basis nitrate of lead. 

In various hair-dyes the following are all used: — Litharge, lime, and starch ; 
linoc and carbonate of lead ; lime and acetate of lead; litharge, lima, and 

potassic bicarbonate. The detection of lead in the hair thus treated is ex- 

tremely easy ; it may be dissol\ed out by dilute nitric acid. 

Lead Pigments. — The principal pigments of lead are white, yellow, and red. 
White Pigments : — 

White lead, Flake White Ceruse, Mineral White, are so many different names 
for thecarbctpateof lead already described. 

Newcastle White is white lead made with molasses vinegar. 

Nottingham White. — White lead made with alegar (sour ale), often, however, 
replaced by permanent white, ie, sulphate of baryta. 

Miniature Painters’ White, White Precipitate of lead, is simply lead 
sulphate. 

Pattison’s White is an oxychloride of load, PbCl 2 PbO. 

Yellow Pigments : — 

Chrome Yellow may be a fairly pure chromate of lead, or' it may be mixed with 
sulphates ofilead, barium, and calcium. The iiigment known as '* Cologne gellow ” 
consists of 25 parts of lead chromate, 15 of lead sulphate, and 60 of calcic sulphate. 
The easiest method of analysing chrome yellow is to extract with boiling hydro- 
chloric acid in the presence of alcohol, which dissolves the chromium as chloride, 
and leaves undissolved chloride of lead, sulphate of lead, and other substances in- 
soluble in 01H, Every grain of chromate of lead should yield 0 '21 grain of oxide of 
chromium, and 0'4 grain of chloride of lead, 

Turner's Yellow, Cassella Yellow, Patent Yellow, is au oxychloride of lead 
(FbClo7PbO) extremely fusible 

Dutch Pink sometimes contains white lead, 

Bed Pigments : — 

Chrome Bed is a bichromate of lead, 

Bed Lead or Minium is the red oxide of lead, 

Orange Bed is an oxide prepared by calcining the carbonate, 

The chief preparations of lead which may he met with in the arts, in addition to 
the oxides and the carbonate, are — 

The Nitrate of Lead, much used in calico- printing, 

The Pyrolignite of Lead , which is an impure acetate used in dy eing ; and 
Die Sulphate of Lead is a by-product in the preparation of acetate of aluminium 
for dyeing, 

The alloys containing lead are extremely numerous ; bat according to the ex- 
paiments of Knapp,* the small quantity of lead in those used for household purposes 
has no hygienic importance, 


Dingl, Poiytcuk. Joar%., vol, cexx, pp, 446-4 53, 
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§ 778. Statistics of Lead-Poisoning. — During the ten years ending 
December 1903, 926 persons died from the effects of lead; 754 males 
and 165 females were registered as having died from accidental lead- 
poisoning — 6 males and 1 female used lead salts as a means of suicide 
— but no case of murder was recorded. 

§ 779. Lead as a Poison, — All the compounds of lead are said to be 
poisonous ; but this statement cannot be regarded as entirely correct, 
for the sulphocyanide has been proved by experiment not to be so,* 
and the sulphide is also probably inactive. In the treatment of cases 
of lead-poisoning, the flowers of sulphur given internally appear to be 
successful, t 

Lead-poisoning, either in its obscure form (producing uric acid in 
the blood, and, as a consequence, indigestion and other evils), or in the 
acute form (as lead colic and various nervous affections), is most frequent 
among those who are habitually exposed to the influence of the metal in 
its different preparations, viz., workers of lead, house- par liters, artists, 
gilders, workeis of arsenic, workers of gold, calico-printers, colourists, 
type • founders, type - setters, shot ■ fonnders, potters, faience makers, 
braziers, and many others. J In white-lead factories so large a number 
of the employees suffer from poisoning that it has excited more than 
once the attention of the Government. § 

* Eulenberg, Qewerbc Hygiene, p. 712, 1' Mohr’s Toxicologic, p. 78. 

X The attention which the use of lead in the arts has always excited is evident 
from the fact that one of the oldest works 011 Trade Hygiene (by Stockhausen) is 
entitled, JDe lithargyrii fumo 1 toxio worbifico cjusque metallico frcqucnliori morbo 
vulgo dido hiitUnJcatze, Gaslar, 1556, 

§ A departmental committee, appointed to inquire into the white lead and 
allied industries, in a report presented to- the Home Secretary stated ; — 

”8. (a) It is known that if lead (in any form), even in what may be called 
infinitesimal quantities, gains entrance into the system for a lengthened period, by 
such channels as the stomach, by swallowing lead dust in the saliva, or through the 
medium of food and drink ; by the respiratory organs, as by the inhalation of dust ; 
or through the skin ; there is developed a series of symptoms, the most frequent of 
which is colic. Nearly all the individuals engaged in factories where lead or its 
compounds are manipulated look pale, and it is this bloodlessness and the presenoe 
of a blue line along the margin of the gums, close to the teeth, that herald the other 
symptoms of plumbism, (6) A form of paralysis known as wrist-drop or lead-palsy 
occasionally affects the hands of the operatives. There is, in addition, a form of 
acute lead-poisoning, most frequently met with in young girls from 18 to 24 years of 
age, which is suddenly developed and is extremely fatal. In it the first complaint is 
headache, followed sooner or later by convulsions and unconsciousness. Death often 
terminates such a case within three days, In some cases of recovery from convulsions 
total blindness remains. 

“9. There has been considerable doubt as to the channels by which the poison- 
enters the system, The committee have taken much evidence on this subject, and 
have arrived at the conclusion (a) that carbonate of lead may be absorbed through the 
pores of the skin, and that the chance of this is much increased during perspiration 
■ and -where there is any friction between the skin and the clothing ; ( b ) that minute 
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Lead, again, has been found by the analyst in most of the ordinary 
foods, such as flour, bread, beer, cider, wines, spirits, tea, vinegar, sugar, 
confectionery, etc., as well as in numerous dru°£, especially those manu- 
factured by the aid of sulphuric acid (the latter nearly always containing 
lead), and those salts or chemical products )vhich (like citric and tartaric 
acids) are crystallised in leaden pans. Hence it follows that in almost 
everything eaten or drunk the analyst, as a matter of routine, tests for 
lead. The channels through which it may enter into the system are, 
however, so perfectly familiar to practical chemists, that a few unusual 
instances of lead -poisoning only need be quoted here. 

A cabman suffered from lead colic, traced to his taking the first glass 
of beer every morning at a certain public-house ; the beer standing in the 
pipes all night, as proved by analysis, was strongly impregnated with 
lead.* 

The employment of red lead for repairing the joints of steam-pipes 
has before now caused poisonous symptoms from volatilisation of lead, f 
The use of old paiuted wood in a baker's oven, and subsequent adherence 
of the oxide of lead to the outside of the loaves, has caused the illness 
of sixty-six: people.}: 

Seven persons became affected with lead-poisoning through horse-hair 
coloured with lead,§ 

Tbe manufacture of American ooerh.otcl doth creates a white-lead dust, 
whichhas caused serious symptoms among the workmen (Dr. G. Johnson). 
The cleaning of pewter pots, [[ the handling of vulcanised rubber, IF the 
wrapping up of various foods In tinfoil,** and the fingering of lead 
connters covered with brine by fishmongers, have all caused accidents in 
men, 

The lead in glass, though in the form of an insoluble silicate, is said 
to have been dissolved by vinegar and other acid fluids to a dangerous 
extent. This, however, is hardly well established, tf 

The various glazes used in the pottery manufacture are largely com- 
posed of lead compounds — litharge, white and red leads being used ; 
some of the glazes are fused with dliceous materials (fritted), bntfew 

portions of lead are carried by the hands, under and round the nails, etc., on to the 
food, and so into the stomach ; (c) but that the most usual manner is by the inhala- 
tion of lead dust Some of this becomes dissolved in the alkaline secretions of the 
mouth, and is swallowed by the saliva, thus finding its way to the stomach. Other 
particles of dustare earned to the lungs, where they are rendered soluble andabsorbed 
by the Hood.” — Re-port of Chief Inspector of Factories for 1893. 

* Chan. Hews. t Enlenberg, op. tit., p. 708. 

t Annales d’Ui/yiem, 1877, 307. § Hitzig Studim iiber Bleivergiftuiig, 

II Med. Gazette, xlvttj. 1047. H Pharm. Journ., 1870, p. 426. 

** Taylor, Prin, Med. Juris pried. , i. 

tf See Aerztl. Intdligenzbl. /. Baiern , , Jahrg. r 1869; Buchna’s Rep. Phai'm., 
Bd, xix, p, 1 ; il eet, Cevtrhl ,, Jahrg,, 1869, p. 40. 
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of these silicates are absolutely insoluble in acids ; hence acid vegetable 
juices, especially if heated, are liable to dissolve out the lead from a 
lead-glazed earthenware vessel. Dr. Campbell (Lancet, 1886) lias re- 
corded a series of cases of poisoning from home-made wine fermented in 
lead-glazed earthenware pans. Thorpe * * * § has investigated the composi- 
tion of most of the lead silicates used as glazes, and has shown that the 
primary factor governing solubility or otherwise in complex lead silicate 
is the relation between the basic oxides and the acidic oxides. The 
percentage weight of each oxide is divided by its molecular weight ; the 
quotient represents the relative number of that oxide present in a 
definite weight of the silicate — adding all the quotients for the acidic 
oxides gives the total number of acidic molecules, and similarly for 


the basic molecules the ratio = 


No. of acidic molecules 
No. of basic molecules' 


So long as this 


ratio is higher than or approximately equal to 2, the solubility of the 
lead Thorpe found to be small, being for the most part below 2 per 
cent, j but when the ratio falls below 2, the quantity of lead dissolved 
(in hydrochloric acid) begins rapidly to increase. 

§ 780. Effects of Lead Compounds on Animals. — Orfila and the 
older school of toxicologists made a number of experiments on the action 
of sugar of lead and other compounds, but they are of little value for 
elucidating the physiological or toxic action of lead, because they were, for 
the most part, made underunnatural conditions, the gullet being ligatured 
to avoid, expulsion of the salt by vomiting. Hamack, in order to avoid 
the local and corrosive effects of sugar of lead, used an organic compound, 
viz,, plumbic triethyl acetate, which has no local action. Frogs exhibited 
symptoms after subcutaneous doses of from 2 to 3 mgrms., rabbits after 
40 mgrms. ; there was increased peristaltic action of the intestines, with 
spasmodic contraction rising to colic, very often diarrhoea, and death 
followed through heart paralysis Dogs given the ethyl compound 
exhibited nervous symptoms like chorea. Gussemot lias also made 
experiments on animals as to the effects of lead, using lead phosphate, 
and giving from 1-2 grm. to a rabbit and a dog daily. Kosenstein J and 
Heubel§ used small doses of acetate, the latter giving dogs daily from '2 
to '5 grm. The results arrived at by Gusserno were, mainly, that the 
animals became emaciated, shivered, and had some paralysis of the hinder 
extremities ; while Eosenstein observed towards the end epileptiform con- 
vulsions, and Heubel alone saw, in a few of his cases, colic. A consider- 
ablenumber of cattle have been poisoned from time to time with lead, and 


* Journ. Chem. Soc,, Trans,, 1901, 

t Virchow's Archivf. path. Anat., vol, xxi. p. 443, 

+ Ibid,, vol, ixxix, pp. 1 and 74, 

§ Pathogeime u, Symptome der cJvrmisAen Bleivergijtung, Berlin, 1871. 
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one instance of this fell under the senior author’s observation. A pasture 
had been manured with refuse from a plumber’s yard, and pieces of paint 
were in this way strewn about the field in every direction ; a herd of 
fifteen young cattle were placed in the field, and in two or three days 
they all, without exception, began rapidly to lose condition, and to show 
peculiar symptoms — diarrhma, loss of appetite ; in two, blindness, the 
retina presenting an appearance not unlike that seen in Bright’s disease ; 
in three, a sort of delirium. Pour died, and showed on post-mortem 
examination granular conditions of the kidneys, which was the most 
striking change observable. In the fatal cases, paralysis of the hind 
extremities, coma, and convulsions preceded death. In another case'*' 
seven cows and a bull died from eating lead paint ; the symptoms were 
loss of appetite, obstinate constipation, suspension of rumination, dry 
muffle, quick breathing, and coma. In other cases a marked symptom 
has been paralysis. Cattle f have also several times been poisoned from 
eating grass which has been splashed by the spray from bullets, as in 
pastures in the vicinity of rifle butts ; here we must allow that the 
intestinal juices have dissolved the metal, and transformed it into 
compounds capable of being taken into the system. 

§781. Effects of Lead Compounds on Man — Acute Poisoning. — 
Acute poisoning by preparations of lead is not common, and, when it 
does occur, is seldom fatal. With regard to the commou acetate, it 
would seem that a large single dose is less likely to destroy life than 


smaller quantities given in divided doses for a considerable period, ThfV 
symptoms produced by a considerable dose of sugar of lead usufi^ 
commence within a few minutes ; there is immediately a my 
taste, with burning, and a sensation of great dryness in thejfg 02 S[Q 
and throat ; vomiting, which occurs usually within fifteen mt£ er cer^h 

in very rare cases delayed from one to two hours. The rej^ q g . 4 { q e£ j 

vomiting are very obstinate, and continue for a long time , . were 

thrown up are sometimes streaked with blood ; there q ref , /e 
abdomen of a colicky character — a pain relieved j q hor-h em 

bowels are, as a rule, constipated, but occasional^j^g^g q,y • t j le ^ases 
at a later date are black from the presenc^^^^^ / pected 
urine, as a rule, is diminished. The b^ff^rthralgia o.hms, 
tongue is coated ; the skin is dryjg^r^ g'rms/^ eais ^ as 

The full development of the toy jgK^ queiil f found in&f wi ,<h 8 by lead, 
of va>nous nervous phenomem^ ccurred ag early as thf ^ rth> MtDi) SL 
cramps I in the legs. ,/ ,,7 

are not pVe'jgdpHj^^ondevelops . Masazza has seen it in £ Sell/ 

the colic. 4Rrafinso short a period as three days {Riforma. ,,lse theierunan 0 

Atney smoked ; gradu- 

®* 4 queril des Planches, Tmite des Maladies Leadjif’ 


fe monograph is a classical work full of informal 


No. 25, 1866. 
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third day. If the patient recovers, convalescence may be much 
retarded, as shown in the case of two girls,* who had each swallowed 
an ounce of lead acetate by mistake, and who suffered even after the 
lapse of a year from pain and tenderness in the stomach and sickness. 

There are “ mass-poisonings ” by acetate of lead on record, which 
afford considerable insight into the varying action of this salt on 
different individuals. A case ( e.g .) occurred at Stourbridge in 1 840, f 
in which no less than 500 people were poisoned by thirty pounds of 
lead acetate being accidentally mixed with eighty sacks of flour at a 
miller’s. The symptoms commenced after a few days — constriction of 
the throat, cramping and twisting pains round the umbilicus, rigidity 
of the abdominal muscles, dragging pains at the loins, cramps and 
paralysis of the lower extremities. There was obstinate constipation ; 
the urine was scanty and of a deep red colour, and the secretions 
were generally arrested ; the pulse was slow and feeble ; the countenance 
depressed, often livid ; and the gums showed the usual blue line. The 
temperature of the skin was low. In only a few cases was there 
sickness, and in these it soon ceased. It is curious that not one of 
the 500 cases proved fatal, although some of the victims were extremely 
ill, and their condition alarming. It was specially observed that, after 
apparent convalescence, the symptoms, without any obvious cause* 
suddenly returned, and this even in a more aggravated form, Remit' 
tance of this kind is of medico-legal import ; it might, for example be 


■ l taken. In the 500 cases 

nplete recovery took some 
i was found so unequally 
;o the actual amount taken, 
lead-poisoning among 150 
Southern Tyrol. One case 
n hospital. The symptoms 
illic taste in the mouth, a 
ongue with a bluish tint, 
j whilst all complained, in 
te muscles of the chest* and 
3 there were tetanic spasms, 
ngers and toes. The pulse 
r cases in which there were 
■e colic, but the constiuiefjf'- 


able number of cattle have been poisoned i 


; strangury. 


* Journ. Chtm, Soe., Trans., 1901. 


f Virchow's Archivf. path , Anat., vol, xxi, p. 443. 


X Hid., vol, xxrix pp, 1 and 74, 


§ Pathogenese u. Symptoms der chronischen Blevvergiftung, Berlin, 1871. 
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Snow recorded an instance (in 1844) of a child who had eaten a piece 
as big as a marble, ground up with oil. For three days the child 
suffered from pain in the abdomen and vomiting, and died ninety hours 
after taking the poison. In another case, in which a young man took 
from 19 to 20 gnus, of lead carbonate in mistake for chalk as a remedy 
for heartburn, the symptoms of vomiting, pain in the stomach, etc., 
commenced after a few hours; but, under treatment with magnesic 
sulphate, he recovered. 

The Chromate of Lead is still more poisonous (see art. “ Chromium ”). 

§ 782, Chronic Poisoning by Lead,— Chronic poisoning by lead — 
often caused by strange and unsuspected channels, more frequently an 
incident, nay, almost a necessity, of certain trades, and occasionally 
induced by a cunning criminal for the purpose of simulating natural 
disease — is of great toxicological and hygienic importance. In the 
white-lead trade it is, as might be expected, most frequently witnessed ; 
but also in all occupations which involve the daily use of lead in 
almost any shape. The chief signs of chronic poisoning are those of 
general ilbhealth ; the digestion is disturbed, the appetite lessened, the 
bowels obstinately confined, the skin assumes a peculiar yellowish hue, 
and sometimes the sufferer is jaundiced. The gums show a black streak 
from two to three lines in breadth, which microscopical examination 
and chemical tests alike show to be composed of sulphide of lead ; 
occasionally the teeth turn black.*' The pulse is slow, and all secretions 
are diminished. Pregnant women have a tendency to abort. There 
are also special symptoms, one of the most prominent of which is 
often lead colic. * 

In 142 cases of lead* poisoning, treated between 1852 and 1862 a/n 
the Jacob’s Hospital, Leipzig, forty*four patients (or about 31 per cei$h. 
suffered from colic. Arthralgia — that is, pains in the joints — is &ded 


very common ; it seldom occurs alone, but in combination with ywere ,* 
symptoms. Thus, in seventy-five cases of lead -arthralgia trey / e 
Jacob’s Hospital, in only seven were pain in the joints withcsehemi<^ eil * : 
complications, fifty-six being accompanied by colic, five by (the li;' <:ases 
and seven by other affections of the nervous system, f pected 
percentage of cases of lead -poisoning, in which arthralgia qjrms. / 
from 32 to 57 percent. ^rms ' '^ eaiS ^ as 

Paralysis, in some form or other, Tanqueril f found in,ecl wi,t irs by lead, 


of the cases, and noticed that it occurred as early as the g e(i x>rth, M.D., St, 

A' 14 ' 

* The black line soon develops i , Masazza has seen it in / Sch/ 
influence of lead, in so short a period as three days (Riforma ' Jse he remnants of 
25 7 i) c ^ney smoked ; gradu- 

t Tanqueril des Planches, TmiU dcs Maladies .^ead^f* f D< * 3 e f rom 

Tanqueril’s monograph is a classical work full of infornml/^-^^* * °‘ t>) 
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. . ,„a The muscles affected are usually those of the upper 

working m lead, i rarely the muscles of the trunk. 

extrm ity, the. the J„ds ora m ,„,i« Mb; 

i‘ <■ “ii TJS. JZ5*. » — * **> — ■» «■ 

it more usually a of the hau d and fingers ; hence the expres- 

common seat is ^ hands dr0op> and occasionally the triceps 

sion " dropped* wr , The paralysis is usually symmetrical on 

r?„ «« JL- the «e» ra »«*% 

“T T7Z tile vc » a w, 8 tl. s „d ^ 
weakened. P w this is seen in paralysis from any cause. The 

ti0 \ui*X«on'may cause deformities in the hands, shoulders, etc. 
"thesis of portions of the skin is generally present in a greater or 
fZ TZL a complete analgesia affecting the whole body has been 

less d Tm such g ‘ tenfc fchat fchcre w . 8 absolute mscnsdality to bums 

) hut it is usually confined to the right half of the body, 

, . „• iw intnnsc in the right lumd and wrist. 

311 § 1S m 6 Tlro older writers recognised the toxic ofioct of lead on the 

— ij- liv t 

sir bed the production of a mental disease, which he » called lead 
, / ” This ho divided into four forms — (1) a ddinous 

form ^(‘i) n comatose j (3) a con v nisi vo ; and (4) a cnmil.iued form, com- 
orisiug the delirious, convulsive, and comatose. Dr. Henry hayner, 
d * few other Knglisli alienists, turn, directed their attention to this 
stimm and, according to Dr. Uayncr’s researches, Hie number of male 
nts admitted into Ihuiwcll Asylum, engaged ra trades such as 
dug painting, awl the like, is larger in proportion to the number 
j"fLi other trades than it should he, compared with the proper 
he various trades hi the county of Middlesex as ascertame 
„ 11HUH Putting aside coarse lead-poismuug which mayocca- 
' Uice'mmtc mania, the insanity priced by prolonged minute 
ions losses some p-nliar features. It develops slowly 
,11 oases there are illusions of the senses, of hearing, taste 
im'oially of sight. Thus, in one of Dr. lUyneris cases 
-rmnd\ii.n “ wind lings blown out to look like men, 
t under remarks to him and generally waned him 
' .,;ru is also another which closely resembles general 
absence of tlni history, might be mistaken foi it. 

-r, " Insanity from D , a , lT«isi)uing, by gffi^adso a 

' ,f«um .tfU'I'U &*■«, v«l. xxvi. p. 222 - also 

■« Zeihu li rrft fur I'mjduatru:, Bd. xxxvij. . , P- 
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§ 784. The degenerative influence on the organ of sight is shown in 
six of Dr. Robertson’s patients, whose insanity was ascribed to lead — 
four of the six were either totally or partially blind. 

The amaurosis has been known to come on suddenly, and after a 
very brief exposure to lead — e.g, a man, thirty -four years of age, after 
working for three days in a white-lead factory, was seized with intense 
ciliary neuralgia, had pains in his limbs and symptoms of lead-poisoning, 
and the right eye became amaurotic.* This form of impairment or loss 
of vision is different from the Retinitis albuminunca,j which may also be 
produced as a secondary effect of the poison ; the kidneys in such cases 
being profoundly affected, The kind of diseased kidney produced by 
lead is the granular contracted kidney. 

Eulenberg speaks of the sexual functions being weakened, leading 
to more or less impotence, 

Lewy,J in 1186 patients suffering from lead-poisoning, has found 
caries or necrosis in twenty -two cases, or about 1'8 per cent. ; fifteen 
were carious affections of the upper jaw, four of the fore-arm, two of the 
thigh, and one of the rib and sternum, Epilepsy and epileptiform con- 
vulsions occur in a few cases ; it is very possible that the epilepsy may 
be a result of the uraemic poisoning induced by diseased kidneys. 

Five cases of fatal poisoning occurred between 1884-6 among the 
employees of a certain white-lead factory in the east of London. The 
cases presented the following common characters. They were all adult 
women, aged from 18 to 33, and they had worked at the factory for 
short periods, from three to twelve months. They all exhibited mild 
symptoms of plumbism, such as a blue line round the gums, and more or 
less ill-defined indisposition ; paralyses were absent. They were all in 
their usual state of health within a few hours or days preceding death. 
Death was unexpected, mostly sudden. In four cases it was preceded 
by epileptic fits and coma ; but in the fifth case no convulsions were 
noted, although they may have occurred in the night. / e 

The senior author § had an opportunity of investigating by cherxji^ ent ' 
means the distribution of lead in the fourth and fifth cases in the li^ 8868 
kidney, and brain. ^pected 

In the fourth case, from 402 grms. of liver 24'26 mgrms. / 
sulphate were separated. The right kidney (weighing 81 grms/^ eais ^ as 
5‘42 mgrms. of lead sulphate, The brain was dehydrated wi] irs ^7 l ea d, 

* Sametsohn, Monatsbl. f Auaenhcilk , vol. xi. p, 246, 1873. See^ 1 ^’ 

lead amaurosis, described by Mr. W, Holder, Pharm, Joum., Oct. 14 f 


t Ran, Arch, f. OphthaZ., vol, i. (2), p, 205, 1858, and 
Bd. cxxxiii, p, 116; Bd, cxliii, p, 67. 

% Die Berufskrank d, Bleiarbeiter , Wien, 1873, S. 16. 

§ “ The Distribution of Lead in the Brains of two Lead; 
Joum . of Mental Science, Jan, 1888, * 


c ^sed the remnants of 
Aney smoked ; gradu- 
jflf, and he suffered from 
m pit,. No. 25, 1866. 
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Albuminoid residue, . 


Hgrme. of lead 
Sulphate. 

I'll 
25 '47 
7'76 


34 '34 


_ + hp brain was examined more in detail, and the lead 

In the fifth case, following solutions and substances:— 

present estimated th ^ This may be called “ tire watery 

L Alcohol used ^ d^y ^ in ^ng a i co hol for some 

tX, "J ^ is the. the alcohol oonteins much water M d eubstenoe, 

hbte -cobrtte i(») ho^Wim. 

0 Kenhalin— (a) from cerehrum ; (b) from cerebellum 

4 . Eto eatnlut.I.haUn-fr.te-W from cebnm, ® <»»<**' 

b ”Ts«b.te».es soluble in cold uleoM-O) from «*"■» ; <*>) Iron 

albuminoid residue — (a) t »m oorebrum ; (i) from oerebelta. 

The general results were as follows 

400’8 terms. 156 2 grins. 

Mgrme. ol Pf>S0 4 . Mgrms. ol PbS0 4 . 

O'O 6‘0 

1-5 6'0 


-White matter freed from kep’nalin by other, . 
Eephalin, 


Ether extract, kcphalln -froe, • 
Substances soluble in cold alcohol, 
Albuminoid residue, 


O'O 

O'O 

40'0 

41 '5 


O'O 

O'O 

6'0 

17 fl 


e aqueous extract contained 1-5 mgrm. of lead sulphate In neither 
,es did the pathologist ascertain the total weight id : the i ^ 
■ning that the weight was an average weight, and that the 
inder of the brain was similarly distributed, the amount 
od as sulphate would amount to 117 mgrms, From to 
to the authors probable that lead forms a substitution 
so mo of the organic brain matters, This view wou 
ue of changes apparent to the eye found m so many 

d Clto^timfcauses the blood tube impregmted 

' cases of undoubted gout, 18 per cent, of the 
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patients were found to follow lead occupations, aud presented signs of 
lead impregnation.* 

Ellenberger and Hofmeister f found that, with chronic poisoning of 
sheep with lead, excretion of hippuric acid ceased, and the output of 
uric acid was diminished. This may be explained by the formation of 
glycocol being arrested. 

§ 786. There are some facts on record which would seem to counten- 
ance the belief that disease, primarily caused by an inorganic body like 
lead, may be transmitted. M. Paul (fi.p.) has related the history of the 
offspring (thirty two in number) of seven men, who were suffering from 
lead-poisoning — eleven were prematurely born and one still-bom ; of tho 
remaining twenty, eight died in the first year, four in the second, and 
five in the third year, so that of the whole thirty- two only three survivod 
three years. 

The influence of the poison on pregnant women is, indeed, vory 
deleterious. M. Paul noted that in four women who were habitually 
exposed to the influence of lead, and had fifteen pregnancies, ten termi- 
nated by abortion, two by premature confinement, three went the full 
term — but one of the three children was born dead, a secoud only lived 
twenty -four hours ; so that, out of the whole fifteen, one only lived fully. 
Tn another observation of M. Paul, five women had two natural confine- 
ments before being exposed to lead. After exposure, the history of the 
thirty-six pregnancies of these women is as follows : — there were twenty- 
six abortions (from two to five months), one premature confinement, two 
infants bom dead, and five born alive, four of whom died in the first year. 

Chronic poisoning may be nearly always accounted for by the inhaling 
of lead dust, or by the actual swallowing of some form of lead ; but, if wo 
are to accept the fact narrated by the late Dr. Taylor, vis., that ho him- 
self had an attack of lead colic from sitting in a room for a few hours 
daily in which there was a large canvas covered with white laid and 
drying oil, and one or two other similar cases,!; we must allow that there 
is some subtle volatile organic compound of lead evolved. In the present 
state of our knowledge, it seems more reasonable to account for such cases 
by the suggestion that lead has entered the system by an unsuspected 
channel. 

§ 786a. Lead in Drinking Water, — Attention of recent years has 
been directed to the contamination of certain moorland waters by lead, 

* “On Lead Impregnation in Relation to Gout,” by Dyce Duckworth, M.D., (it, 
Barth. Sosp, Reports, vol. xvii,, 1881, 

t A.rch,f '. mss, u. pract, ThierheilJc. , Bd. x,, 1884, 

+ The gate-keeper of a graveyard at Bordeaux continually used the ronmantu of 
crosses, covered with lead paint, to replenish his fire ; the chimney smoked ; gradu- 
ally paralysis of the extensors of the right wrist developed itself, and lie suifewl from 
colic and other signs of lead -poisoning, — Marmisse, Oaz. des HOpit ., No. 2fi, 18 till. 
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■ v, been made by the medical depart- 

“ d el, ,‘r“l^rSteZeot Board, ft. results of whid. are mod 
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important and interesting. eXDer iments, found that '‘action on lead” 

Dr. Houston, in his ex -divided into “erosive ability” and 

by water could be ! distilled water, pure rain water, and 

‘'P^bo^ttrid’e lead, but assess little power of dissolving 
pure snow water an , g detached in scales ; it * ft process 

lead. In erosion n n_the product of the reaction is insolutie 

analogous to the rus nig lightly dangerous to public health. 

in neutral liquids, an i J ° mostly moorland watery acid in 
The plurabo.solvent w being in direct relation to 

reaction, the jiumbo-solvm foy titration( using lacinoid as an 

the degree of acidity n fche ac idityis produced in peat by 

indicator. According > plumbo.solvent ■ waters, 

special forms of bactem.mj by a mi »eral acid 

Spluric) derived from the oxidation of pyrites, over which the water 

vt Jttrlttagtai occurred at Keighley, in which a 
In 188-., v J frQffi the suppose d effects of lead .poison mg, 

“T Tf om driiing the town water, which was proved by Mr. AUcn 
induced from drmk g ^ gal l on , For six months he had 

r°rofteU and 1 week before his death he suffered from colic 
been out of heam, ^ & ^ ^ round the gumS) md occasional 

vomiting, conshp , kidneys were found granular, 

ft "^ewh"^. The viscera were submitted to 

t tn for analysis; no lead rvas found in the heart or brain, a 
Mr. Allen for a y ■ kidneys, and about a grain was 

^ J IJZZa sple- Ur Tidy, .ho » called 1» » 
s,e para ^ gua.id.ed opinion rather against the theory of 

an expert, g» the verd i e t returned by the jury was to the 

d«a from granular Mn.y, 

test ia the *>*«« of iron for lead in d™kto e 
is to add to 50 c.c. in a Nessler cylinder, ammonium silpWe , 
!n«k Itour or precipitate a.t discharged « dte.iv.db, hydro- 
: h ““T acid or b, potassio cyanide, .. an indicator, of ft. P™»>“ 

° f *Tbe lead maybe estimated colorimetrically by imitating the dark 

• '< On the Chases of ted-Mteh-s,’ b, Ka W. H. >•»*.»«*■ 

Report of the Loc . Oort, M„ 1000-1 (supplement). 
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colour produced in a known solution of lead acetate by ammonium 
sulphide. In important researches it may be advisable to estimate the 
lead by weight ; in this case a sufficient amount of the water is con- 
centrated down, ammonium sulphide added, and the precipitate of 
lead sulphide collected and washed ; after standing many hours, the 
sulphide is either weighed as sulphide, or treated by the electrolytic 
process to be described. 

Berntrop* finds lead phosphate absolutely insoluble in water con- 
taining free sodic phosphate. He therefore examines waters by adding, 
if necessary, calcium chloride and excess of sodium phosphate. The 
precipitate which forms during twenty-four hours is said to contain all 
the lead as phosphate ; it is collected and dissolved in dilate nitric acid, 
and identified by the usual tests. 

§ 786b. The Plumstead Murder Case. — Murder by the administra- 
tion of doses of sugar of lead is rare, but such a case has occurred. At 
the Central Criminal Court, in December 18S2, Louisa Jane Taylor 
was indicted for poisoning Mary Ann TregilKs at Plumstead, and con- 
victed. From the evidence it appeared that the prisoner, who was 
thirty -six years of age, came to reside with Mr. and Mrs. Tregillis, an 
aged couple of eighty-five and eighty-one years respectively. The 
prisoner was proved to have purchased at different times an ounce and 
half an ounce of sugar of lead, and to have added a white powder to the 
medicine of Mrs, Tregillis, The illness of the latter extended from 
about August 23 to October 23 — a period of two months. It is difficult 
to say when the first dose could have been given, but it was probably 
some time between August 13 and 23, while the administration, without 
doubt, ceased on or before October 6, for on that date different nursing 
arrangements were made, The symptoms observed were nausea, vomit- 
ing, pain in the pit of the stomach, burning in the throat, very dark 
teeth, a blue line round (he gums, and slight jaundice. There was 
great muscular weakness, with trembling of the hands, and a week 
before death there was paralysis of the right side. 

Lead was discovered in most of the viscera, which were in great 
part normal ; but the kidneys were wasted, and the mucous membrane 
blackened. The actual quantity of lead recovered by analysis was small, 
viz,, 16'2 mgrms, (-J grain) from the liver; from 8 ounces of brain, 
3'2 mgrms. grain) ; from half of the stomach, 16 '2 mgrms. (| grain) ; 
and from the spleen, the kidneys, and the lungs, small quantities. It is, 
therefore, probable that, if the whole body bad been operated upon, the 
yield would have been more than '15 grin, (a little over 2 grains) ; but 
then, it must be remembered that the deceased lived, at least, seventeen 
days after the last dose. 


Chen. Zeit ., 1896, 10'iO. 
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§ 787. Post-mortem Appearances, — In acute cases of poisoning by 
the acetate, there may sometimes he found a slight inflammatory appear- 
ance of the mucous membrane of the stomach and intestines. Orfila 
considered that streaks of white points adherent to the mucous membrane 
were pathognomonic ; but there have been several cases in which only 
negative or doubtful signs of inflammatory or other action have presented 
themselves. A general contraction of the intestines has often been 
noticed, and is of considerable significance when present ; so also are 
slaty patches on the intestinal mucous membrane ; in the Plumstead 
case Dr. Stevenson found such patches contained lead, hence they are 
probably caused by the deposition of lead sulphide. Loen found in dogs 
and guiuea-pigs, poisoned by lead, local inflammation areas in the lungs, 
liver, and kidneys, but in no case fatty degeneration of the epithelial 
cells of the liver, kidneys, or intestines. As a rule, no unabsorbed 
poison will be found in the stomach ; the case related by Christison, in 
which a person died on the third day after taking at a single dose some 
large quantity of acetate of lead — and at the autopsy a fluid was 
obtained from the stomach which had a sweet metallic taste, on 
evaporation smelt of acetic acid, and from which metallic lead was 
obtained — is so very extraordinary in every respect, that its entire 
accuracy is to be questioned. In death from chronic lead-poisoning, 
there is but little that can be called diagnostic ; a granular condition of 
the kidneys, and all the pathological changes dependent on such a con- 
dition, are most frequently seen. If the patient has suffered from colic, 
a constriction of portions of the intestine has been noticed ; also, in cases 
in which there has been long-standing paralysis of groups of muscles, 
these muscles are wasted, and possibly degenerated. In instances, again, 
in which lead has induced gout, the pathological changes dependent upon 
gout will be prominent. The blue line around the gums, and sometimes 
a coloration by sulphide of lead of portions of the intestines, may help a 
proper interpretation of the appearances seen after death ; but all who 
have given any attention to the subject will agree that, simply from 
pathological evidence, it is impossible to diagnose chronic lead-poisouing. 

§ 788, Physiological Action of Lead, — The action of lead is still 
obscure, but it is considered to have an effect mainly on the nervous 
centres. The paralysed muscles respond to the direct current, but uot 
to the induced, leading to the suspicion that the intramuscular termina- 
tions of the nerves are paralysed, but that the muscular substance itself 
is unattacked. On the other hand, the restriction of the action to groups 
of muscles supports the theory of central action. 

The lead colic is due to a true spasmodic constriction of the bowel, the 
exciting cause of which lies in the walls of the bowel itself ; the relief 
given by pressure is explained by the pressure causing au anaemia of the 
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intestinal walls, and thus lessening their sensibility. The slowing of the 
pulse produced by small doses is explained as due to a stimulation of the 
inhibitory nerves ; and, lastly, many nervous phenomena, such as epi- 
lepsy, etc., are in part due to imperfect elimination of the urinary excreta, 
causing similar conditions to those observed in uraemia. 

§ 789. Elimination of lead. — When a large dose of acetate or car- 
bonate is taken, part is transform ed into more or less insoluble compounds 
— some organic, others inorganic ; so that a great portion is not absorbed 
into the body at all, but passes into the intestines, where, meeting with 
hydric sulphide, part is changed into sulphide, colouring the al vine evacu- 
ations black. Some of the lead which, is absorbed is excreted by the 
kidneys, but the search often yields only traces. Thudiehum* states 
that in fourteen cases of lead -poisoning, in two only was obtained a 
weigbable quantity from a day’s urine ; in the remaining twelve lead was 
detected, but only by the brownish colour produced in an acid solution 
of the ash by hydric sulphide. 

Tlie elimination of lead by the kidneys is favoured by certain medi- 
cines, such, for example, as potassic iodide. Annuschat found in dogs 
poisoned by lead from 3'8 to 4'1 nigrms. in 100 c.c. of urine ; but, after 
doses of potassic iodide, the content of lead rose to 6-9 and even to 14 
mgrtus. Leadappears to be eliminated by the skin, being taken up by the 
epithelial cells, and minute, insoluble particles coming away with these 
cells, If a person who has taken small doses of lead for a time be placed 
in a sulphur water-bath, or have his skin moistened with a 5 percent, 
solution of sodium stdphide, the upper layer of the epidermis is coloured 
dark ; but the perspiration excited by pilocarpin or other agency contains 
no lead 

§ 790. Fatal Dose— (a) Sugar of Lead, — It may almost be said that 
it is impossible to destroy human life with any single dose likely to be 
taken or administered, In three cases an ounce (‘23 '3 grms.) has been 
taken without fatal result. Although it must be allowed that repeated 
moderate doses, extending over some time, are more dangerous to health 
and life than a single large dose, yet there seems to be in some indi- 
viduals a great tolerance of lead, Christison has given '13 grm. in 
divided doses daily for a long time without any bad effect, save the pro- 
duction of a slight colic. Swieten has also given daily 3'9 grms. (60 
grains) in ten days without observing toxic effects. That, in other cases, 
less than a grain per gallon of some lead com pround dissolved in drinking- 
water, or in some way introduced into the economy, causes serious illness, 
is most inexplicable, 

(b) The Basic Acetate in solution is more poisonous apparently than 
the acetate — 60 c.c. (1 J drms.) have caused serious symptoms. 

* Pathology of the Urine, p. 550. 
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(c) The Carbonate of Lead, — Doses of anything like 28 grms. (an 
ounce) would probably be very dangerous to an adult ; the only case of 
death on record is that of a child who took some unknown quantity 
— probably, from the description of the size of the lump, about 10 grms. 
(2J drms.), 

§ 791. Antidotes and Treatment. — Soluble sulphates (especially 
magnesic sulphate) have been given largely iu both acute and chronic 
cases ; in the acute, it stands to reason that it is well to ensure the 
presence of plenty of sulphates in the stomach and intestines, in order 
to form the sparingly soluble lead sulphate, should any residue remain, 
but to expect this double decomposition to go on in the blood and tissues 
is not based upon sound observation. The chronic lead -poisoning is best 
treated by removal from the source of mischief, the administration of 
large quantities of distilled water, and medicinal doses of potassic iodide. 

§ 792. Localisation of Lead. — In a dog, which was killed by chronic 
lead-poisoning, Heubel found in the bones 018 to 027 per 1000 of 
lead; in the kidneys, 0'17 to 0‘20 ; liver, O'lO to 0'33 ; spinal cord, 
0'06 to O il ; brain, 004 to 0‘05 ; muscles, 0'02 to 0'04 ; in the intes- 
tines, traces, O'Ol to 0‘02; in the spleen, the blood, and the bile he also 
only found traces. Ellenberger and Hofmeister found. in the kidneys of 
the sheep, 0'44 to 0'47 ; liver, 0'36 to 0'65 ; pancreas, 0-54; salivary 
glands, 0'42 ; bile, O' 11 to 0'40 ; bones, 0'32 ; faces, 0'22 ; spleen, 0'14 ; 
central nervous system, 0’07 to 0T8; blood, 0’05 to O' 12; flesh, 0'05 
to 0-08 ; urine, 0'06 to 0‘08 ; and in the unstriped muscles and the lungs, 
0‘03 per 1000 of lead. 

Without going so far as to say that lead is a natural constituent of 
the body, it is certain that it may be frequently met with in persons 
who have been apparently perfectly healthy, and quite free from all 
symptoms of lead'poisoning. Legrip found in the liver and spleen of a 
healthy person, 5‘4 mgrms. of lead oxide in every kilogramme ; Oidtmann, 
in the liver of a man fifty-six years of age, 1 mgrm. of lead oxide per 
kilogramme, and in the spleen 3 mgrms. per kilogramme. G. Meillere * 
has also found traces of lead in a majority of subjects examined. Hence 
the analyst, in searching for poison, must be very careful in his con- 
clusions. Grave and serious errors may also arise from complications ; 
suppose, e.g., that a deceased person previous to death had partaken of 
game, and inadvertently swallowed a shot-— if the analyst had not care- 
fully searched the contents of the stomach for solid bodies, but merely 
treated them at once with acid solvents, he would naturally get very 
decided lead reactions, and would possibly conclude, and give evidence 
to the effect, that a poisonous soluble salt of lead had been administered 
shortly before death, 


Compt , liend. Sue. Biol., 1903 . 
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§ 793. Detection and Estimation of Lead , — A great number of 
fluids (such as beer, wines, vinegar, water, etc.), if they contain 
anything like the amount of one-tenth of a milligramme in 100 c.e., 
will give a very marked dark, colour with SBL,. It is, however, safest 
to destroy all organic matter by evaporating to dryness and incinera- 
tion at a very low ted heat in a muffle ; the incineration should be 
fairly complete, for it has been shown that carbon retains lead with 
considerable tenacity. 

If (in the usual course of routine research) a hydrochloric acid 
solution is obtained from the treatment or destruction of organic sub- 
stances by that agent, and lead sulphide (mixed possibly with other 
sulphides) is filtered otf, any arsenical sulphide may first be extracted 
from the filter by ammonia, and any antimonious sulphide by sodie 
sulphide ; then the sulphide may be extracted by warm hydrochloric 
acid, which will leave midissolved such sulphides as those of copper and 
mercniy. On diluting the liquid, and filtering at a boiling temperature, 
crystals of lead chloride will be deposited on cooling. 

In the case of sulphate of lead, which may be always produced in 
an ash from organic substances by previous treatment with sufficient 
sulphuric acid, a vety excellent method of identification is to convert it 
into sugar of lead To do this, it is merely necessary to boil it with 
carbonate of ammonia, which changes it into carbonate of lead; treat- 
ment with acetic acid will now give the acetate ; the solution may <if 
the lead is in very small quantity) be concentrated in a watch-glass, a 
drop evaporated to dryness on a circle of thin microscope glass, and the 
crystals examined by the microscope; the same film next exposed to the 
fumes of SH„, which will blacken it ; and lastly, the solution (which 
should be sweet) tasted, A crystalline substance possessing a sweet 
taste, and blackening when exposed to SH,, can, under the circum 
stances, be no other substance than acetate of lead. 

Lead insolation can be converted into sulphide ; in this case it is 
however, absolutely necessary that there should be no great excess of 
acid, since as little as 2‘5 per cent, of free hydrochloric acid will pre- 
vent all the lead going down, On obtaining the sulphide, the latter, as 
already described, can be converted into chloride by hydrochloric acid, 
and the crystalline chloride is extremely characteristic. 

§ 793a. Tetra-methyl-diamino-phenyl-methane as a Test for Lead 
Peroxide, — The salt is the leuco-derivative of malachite green. It may be 
made by the reduction of malachite green and by various processes ; but 
the most convenient method of preparation is to boil 30 grms. of dimethyl- 
aniline with 25 c.c. of a 40 per cent, solution of formaldehyde, the 
solution being made up to 200 c.c. with water. The excess of dimethyl- 
aniline is got rid of by blowing steam through. On cooling, the tetra- 
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methyl compound crystallises out, and should be dissolved in hot alcohol 

5 grms. of the crystals 
in 100 cc. of water, with the addition of 10 c.e. of acetic _ acid. 
The solution is very sensitive to light and air. Paper dipped in the 
Jolutil and dried in the dark will readily “ print if exposed behind a 
.. . lim haded parts of the paper becoming green. 

M8 1 .1 lead bi»*id, or m,„ga D »o biocide sM.es with the 
-,t I deep blue or blue-green colour— chlorine, chromic acid, and 
” di /.US.-” r»e»% *leo reproduce, i» core or less P-y, 

° , ,-?e o- r een (which, by the way, is not a true green, but a blue 
JL ce if utilised as a test for lead binoxide or peroxide, the 
green). Hen ya s to exclude possibility of confusion 

'ToSr Ibis ,, fairly when the « is 

W r P d to the results of an electrolytic operation ; under such circum- 
^ nles the test is of great delicacy, a just visible speck of lead bwox.de, 
oTa'just visible stain of the same substance deposited by the galvanic 
, . niatmum wire, giving at once a blue coloui. 

^ 793b Electrolytic Method of Separating Lead as Dioxide.-Lead 
1 Lh estimated and identified in the most minute quantity 

by'an 6 electrolytic method under exact conditions of acidity, strength of 

° Ur ?hc lead !3Cconverted into nitrate ; the proportions of lead, 
ri ter in 100 c c. should be not more than 0'2 lead, 13-14 c.c. 
acid an wa gravity) and the solution made up to 100 with 

Ztter Tlw temptratuL shoild be from 60‘-70‘, the current from 
3-7 4-0 volts and 1 1-13 amperes, and it is best to use a rotating 
th He-* under these conditions the lead is thrown down mainly 
cathode u minutes. The film is washed with water 

as dioxide wi curren t and then with alcohol and ether. 

Th^pol e * wH h^^eposi t should be dried for half an hour at a te “P e ^ 
P f 200° -230° and then weighed, It is usual to multiply the 
. , t f j 0-8643 i but, according to Hollard {Bull, Soc. 
IhL 1904), if a platinum anode roughened by the sand-blast be 
Ld, the ratio of Pb •. PbO takes a constant value represented by 

^After weighing the lead dioxide, the identity of the substance may 
be confirmed by the tetra-methybphenyl test. 

b 8 794 Estimation of Lead, -By far the greater number of est.ma- 
1 - ; nf lend is made by weighing as lead sulphate, first precipitatmg as 

^ »< i-* r e t : 

rapidly into sulphate. Recently, ammonium persulphate has been 
* Ralph A, Smith, Joum. Amer. Chcm, Soc. , 1905. 
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recommended"* as a precipitant with a view to estimation. Ammon turn 
persulphate added to an acid solution of a lead salt, precipitates the lead 
quantitatively. 

The best precipitant is a 2 per cent ammonium persulphate solution 
containing a trace of silver nitrate ; this is heated to 80°, and 
the lead solution added to it drop by drop. The solution should he 
kept at 80° for three hours, then filtered and washed with a 3 per cent, 
solution of ammonium sulphate ; finally, the precipitate, consisting of 
lead oxide, lead peroxide, and lead sulphate, is converted into lead 
sulphate by igniting with a drop of sulphuric acid. Every 100 parts of 
lead sulphate equal 73'6 PbO. 

Estimation as binoxide and the colorimetric method have alreadv 
been described 

Lead is also estimated as chloride, as chromate, and as sulphide, but 
tiie processes detailed are sufficient for the toxicologist. 

2. COPPEE. 

§ 795. Copper, Cu = 63'5; specific gravity, from 8-921 to 8'952 ; 
fusing* point, 1091° (1996° F.). Copper in analysis occurs either as* a 
film or coating on such metals as platinum, iron, etc., or in a state of 
fine division, or, finally, as a bead. In thin films, copper has a 
yellowish or a yellowish-red colour; it dissolves readily in nitric, 
slowly in hydrochloric acid. If air be excluded, hydrochloric acid fails 
to dissolve copper, and the same remark applies to ammonia; but, if 
there be free aecess of air, ammonia also acts as a slow solvent. 
Metallic copper in a fine state of division can be fused at a white heat 
to a bright bluish.green globule, which, on cooling, is covered with 
black oxide, 

§ 796, Cupric Oxide, CuO=79‘5 — specific gravity, 6'5 ; composition 
in 100 parts, Cu 79'90, O 20'10 — is a brownish-black powder, which 
remains in the absence of reducing gases unaltered at a red heat. It 
is nearly insoluble in water, but soluble in C1H, N0 8 H, etc. ; it is 
hygroscopic, and, as everyone who has made a combustion knows, is 
readily reduced by ignition with cliareoal in the presence of reducing 
gases. 

§797. Cupric Sulphide, CuS = 95-66, produced in the wet way, is 
a brownish powder so insoluble in water that, according to Fresenius, 
950,000 parts of water are required to dissolve one part It is not 
quite insoluble in C1H, and dissolves readily in nitric acid with separa- 
tion of sulphur, By Ignition in a stream of H it may be converted 
into the subsulphide of copper, It must always be washed by SH 2 
* Max Dittrich and A., Reise, Ber. d, deutsch, chew., Oes ., 1905. 
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water. It is slightly soluble in the alkaline polysulphides, especially 
in the presenoe of sulphides of arsenic, antimony, and tin. 

§ 798. Solubility of Copper in Water and Various Fluids, — The 
solubility of copper in water and saline solutions has been very care- 
fully studied by Carnelley.* Distilled water exerts some solvent action, 
the amount varying, as might be expected, according to the time of 
exposure, the amount of surface exposed, the quantity of water acting 
upon the copper, etc. It would appear that, under favourable circum- 
stances, 100 c.c, of distilled water may dissolve '3 mgrm. of copper 
(‘2 grain per gallon). 

With regard to salts, those of ammonium exert a solvent action on 
copper more decided than that of any others known. With the others, 
however, the nature of the base exerts little influence, the action of the 
salt depending chiefly on the nature of its acid radical. Thus, beginning 
with the least effective, the following is the order of dissolving strength 
— nitrates, sulphates, carbonates, and chlorides. It will then at once 
be evident that a water contaminated by sewage, and, therefore, con- 
taining plenty of ammonia and chlorides, might exert a very considerable 
solvent action on copper. 

Almost all the oils and fats, as well as syrups, dissolve small 
quantities of copper ; hence its frequent presence in articles of food 
cooked or prepared in copper vessels. In the very elaborate and careful 
experiments of Mr. W. Thompson,! the only oils which took up no 
copper, when digested on copper foil, were English neats’-foot oil, 
tallow oil, one sample of olive oil, palm-nut oil, common tallow oil, and 
white oil, which was protected from the air by a thick coating of oxidised 
oil on its surface. 

The formation of copper compounds with the fatty acids takes place 
so readily that Jeaunel has proposed the green colouring of fats by 
copper as a test for the presence of copper ; and Bottger § recommends 
a brandy holding copper to be shaken up with olive oil to free it 
from copper. 

Lehmann has made some useful researches on the amount of copper 
taken up by fats under different conditions. 100 c.c. of strongly rancid 
fat dissolved in fourteen days 8‘7 mgrms. of copper ; but when heated to 
160° for one hour, and then allowed to stand, a similar amount was 
found. Some rancid butter was nibbed into a brass bowl of 90 c.c. 
capacity, and then allowed to stand for twenty-four hours ; the butter 
became of a blue-green colour. Into this dish, thus partially attacked 

* Journ, Chem, Soc , , 1876, vol, ii. p, 4, 

t "Action of Fatty Oils on Metallic Copper,” Chem, News, vol, xxxiv. pp. 176, 
200, 318. 

+ VUnion pharmac,, xvii. 81. § Arch, dc 1’hanK, 1803, exxvi. 67. 



COPPER 


§ 798-1 


639 


by fatty acids, 50 c.c. of rancid butter was poured in a melted con- 
dition, and allowed to stand for twenty-four hours. The amount taken 
up was found to be equal to 10 mgrms. of copper for every 100 c.c. of 
fluid butter. 

Hilger found a fatty soup, which had stood twelve hours in a clean 
copper vessel, to contain OT63 per cent, copper. According to Tschirch, 
the easiest fatty salt to form is the oleate, hydrated copper oxide dissolv. 
ing in oleic acid with great ease, and even copper oxide dissolving to 
some extent ; the palnaitate and the stearate are not so readily produced 
— hence the amount of copper dissolved is greater in the case of olive oil 
and butter (both rich in oleic acids) than in the ease of the firmer 
animal fats. Copper oleate, according to H, Baum and R. Seeliger 
(Zeit, ofettll. Chem., iv. 181-210), is more poisonous than either the 
acetate or sulphate. Acid solutions, such as clarets, acetic acid, 
vinegars, and so forth, as might be expected, dissolve more or less 
copper. The amount likely to be dissolved in practice has been 
investigated by Lehmann. He steeped 600 square metres of copper 
sheeting or brass sheeting in vessels holding 2 litres each of acid claret : 
the sheets were iu some of the experiments wholly immersed, in others 
partly so. More copper was dissolved by the wine when the copper 
was partly immersed than when it was wholly immersed; and more 
copper was dissolved from brass sheeting than from pure copper sheeting. 
With a sheet of copper, partly immersed, claret may contain as much 
as 56 mgrms pier litre. Lehmann also investigated the amount of 
copper, as acetate, which could be dissolved in wine before the taste 
betrayed its presence ; with 50 mgnms. per litre no copper taste; with 
100 mgrms, there was a weak after-taste; with 150 mgrms. it was 
scarcely drinkable, and there was a strong after- taste ; with 200 mgrms. 
per litre it was quite undrinkable, and the colour was changed to bluish- 
green. Vinegar, acting under the most favourable circumstances on 
sheet brass or copper, dissolved, iu seven days, 195 mgrms. of copper 
per litre from the copper sheet, 195 from the brass sheet. 

Lehmann discusses the amount of copper which may be taken at a 
meal under the circumstance that everything eaten or drank has been 
artificially coppered, hut none “ coppiered ” to the extent by which the 
presence of the metal could be betrayed by the taste ; and the following 
is, he thinks, possible : — 


300 c.c. of soup boiled in a copper vessel, , 

1 litre of wine which has been standing in a copper vessel, 
50 c.c. vinegar which has been kept in a copper vessel, 

50 grms, of fat which has been used for frying in a copper 

vessel, , 

200 grms.' of strongly coppered peas, , . . . 

500 grms, of strongly coppered bread, . 


20 mgrms. Cu. 
50 „ 

10 „ 

5 „ 

50 
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The total amounts to 195 mgrnis. of copper, which only slightly exceeds 
a high medicinal dose. The metal is tasted more easily in liquids, such 
as wine, than in bread ; bread may be coppered so that at a meal a 
person might eat 200 mgrms. of a copper compound without tasting it. 

It is pretty well accepted that cooking in clean bright copper vessels 
will not contaminate any ordinary food sufficiently to be injurious to 
health. 

§ 799. Copper in the Vegetable and Animal Kingdom and in 
Foods. — Copper is widely distributed in the vegetable kingdom, and is a 
constant constituent of the chief foods we consume ; the following quan- 
tities, for example, have been separated from the chief cereals : — 


Wheat, . 

5 '2 to 10 '8 mgrms. 

pa kilo. 

Rye, 

5 mgrm& 

>1 

Oats, 

. . . . 8'5 „ 

>1 

Barley, , 

. . . . 11 '8 „ 

>1 

Rice, 

. . . . 1 '6 „ 

» 

Bread, 

. . , . 1 '5 to 4' 4 mgrms. 

1) 


It has also been found in vermicelli (2-10 mgrms. per kilo.), groats 
(l'6-3 mgrms. per kilo.), potatoes (1'8 mgrm. per kilo.), beans (2-11 
mgrms. per kilo,). In similar small quantities it has also been found in 
carrots, chicory, spinach, hazel-nuts, blackberries, peaches, pears, figs, 
plums, tamarinds, black pepper, and many other fruits and spaces. The 
most common food which has a high copper content is cocoa, which con- 
tains from 12 mgrms. to 29 mgrms. per kilo., the highest amount of 
copper being in the outer husk; copper has also been found in many 
supplies of drinking water, in aerated waters, in brandies, wines, qnd 
many drugs. 

It has been calculated that the ordinary daily food of an average man 
contains tire following ; — 

Copper. 

900 grins, bread, 0 '45 mgrm. 

260 grms, meat, ....... 0'25 „ 

200 grms, fruit and vegetables, .... 0'25 „ 


O' 95 mgnn, 

That is to say, that, neglecting altogether foods artificially contaminated 
with copper, each of us eats daily about 1 mgrm. of copper (0'015 grain). 

In the animal kingdom it is a constant and natural constituent of 
the blood of the cephalopods, orustacea, and gasteropods, and is nearly 
always present in the liver and kidneys of domestic animals, as well 
as in men, Dr, Dupto* found '035 to '029 grain (I '8 to 2 mgrms.) 
in human livers, or about 1 part in 500,000. Bergeron and L, L. 
Hote’s researches on fourteen bodies, specially examined for copper, fully 
* Analyst, No. 13, 1877. 
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substantiate those of Dr. Dupre : in twelve tire copper was found in 
quantities of from '7 to 1'5 mgrm. ; in the remaining two the amoimtof 
copper was very miunte, and was uot estimated."*' Copper is also found 
normally in the kidneys, and Dupre t detected in human kidnevs about 
1 in 100,000 parts ; it is also found in the bile, and in minute traces in 
the blood. { 

In the kidneys and livers of the ruminants copper mav til wavs 
be found, a sheep’s liver containing about 1 part in 20,000..^ Church 
fonud copper in the feather of the wings of the turaco; melopsitt in 
the feathers of a parroquet ( Melopsittacm unhdatv *).]( In these cases 
the copper enters into the composition of the colouring matter to which 
the name of ‘'turaciu ” has been given. Turacin contains 7 per cent, of 
copper, and gives to analysis numbers which agree with the formula 
of C s , ! H sl Ghi,.N f ,0o.„ 

Copper Ins been discovered in aerated waters, its presence being due 
to the use of copper cylinders, the tin lining of which had been rendered 
defective by corrosion .11 

Accidents may also occur front the use of copper boilers. Mr. "\V. 
Thompson found in one case ** no less than 3'57 0 grains in a gallon 1 5 1 
lugrms. per litre) in water drawn front a kitchen boiler, 

At Roubaix, iu France, sulphide of copper had been deposited on the 
roof, as a consequence of the use of copper flues; the sulphide was 
changed into sulphate by the action of the air, aud washed hv the rain 
into the water' tank, ft 

That preserved vegetables are made of a bright and attractive green 
colour by impregnation with copper, from the deliberate use of copper 
vessels for this purpose, is a fact long known. • Green peas espeeiallv 
have been coloured in this way, aud a number of convictions for this 
offence have taken place iu England, 

§ SOO, The “Coppering” of Vegetables,— The fact that green 
vegetables, such as peas, beans, cucumbers, and so forth, preserve their 
green colour, if boiled in copper vessels, has long been known. In tins 
“coppering” the French have been more active than the English 
traders; the French operate in two different ways. One method is, to 
dip from 60 to 70 litres of the green vegetables in 100 litres of 0'3 to 
O' 7 pet cent, of copper sulphate, to leave them there for from live 
to fifteen minutes, then to remove them, wash aud sterilise in an 
autoclave. A second method is to put the vegetables into a copper 
* Compt , Ron!., vol, lxxx, p. 268. f Op. cit, 

t HopjcSeyler, Eorulbuch dor plnjnolcxjisch. Analyse, p. 415. 

§ Dupre, op. ait, | Cheat, Ecu's, xsviij. 212. 

f "On the Presence of Lead and Goppicr in Aerated Waters,” by Dr. James 
Milne, Ckein. Enos, xxxi, p, 77. 

(‘/ta 7n. *V‘/rs, xxxi. Re. SOI. j 1' Blyth, Dictiwmry of Hygiene, p. 147. 
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i wall of which is connected with the negative pole of an 
vessel, th positive pole dips in a solution of salt m the 

zxszz — -** - - 

dissolving sufficient copper. appreciable, but yet 

*« semng 

not so much as mig quantities varying 

“ coppered peas m Engtad published amount of copper 

coloured is 0 27 per kilo., or I8'9 grams 

.vlry vegetables preserve their green colour longer -hen 
JId “h s copper s.lt Ires been proved by Tsclrirch to be ovrrng to 
the formation of s phyUocyanate of copper. ^ aM ^ ^ 

Phyllocyanie acid «**““' b L ascribed to it Under 
composition ; tire formula of » oUor „ph,ll splits 

the action of amds phylbcyan.te, 

“ p eontnins S'55 per cent Of Copper i it form, black 

(C 2 4“2r N 2 (J 4)2 ’ . ~ alcohol and chloroform, but in* 

lamellae, dissolving easi J S insoluble in petroleum 

— « il noiB« b y dL acetic 'acid nor by dilute ... 
ether, and dissolved compound dissolves in caustic 

tSoi it^rTsTbeantiM non_t 

ssr Anoint,. . r ^“r'rr^r^Epton 

" r 'tsx 

cyan.te booed upon ^ d ttot they only contain 

“ ”o Z«r wo“d y.bld but small qn.ntito of copper, 
phyllocyanate of PP > injurious to health ; but the coppering 

and probably 1 ey W °\ d copper leguminate and other compounds 

b , alcohol, five a 

“'/’“ti* snoocssi.^ exhausted by water, by sodadyo, mid lastly 
^ acid, parts with copper ..to the three solvents 

mentioned insoluble character of the phyllo* 

»' “?>■“ {Mvine 

* Das Kutfer, Stuttgart, 1893. 
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easily in water), or copper oxide (not dissolving at all in water, but 
soluble in hydrochloric acid), or phyllocyanate of copper (insoluble both 
in water and in hydrochloric acid) be used, the physiological effect is 
the same. 

Copper may be found in spirits owing to the use of copper con- 
densers, a remark which applies also to the essential oils, such as oleum 
cajepute, menthco, etc,* In France, it has been added fraudulently to 
absinthe, to improve its colour, + Green sweetmeats, green toys, green 
papers, have all been found to contain definite compounds of copper to 
a dangerous extent, 

§ 801, Preparations of Copper used in Medicine and the Arts. 

(1) Medicinal Preparations : — 

Sulphate of Copper, Cupri Sulphas, Cu,S0 4 5H.j 0. — This well-known 
salt is soluble in water at ordinary temperature, 3 parts of water 
dissolving 1 of the sulphate ; but boiling water dissolves double its 
weight, One part of copper sulphate dissolves in 2-J- of glycerin ; it 
reddens litmus, and is slightly efflorescent ; its solution responds to all 
the usual tests for copper and sulphuric acid, A watery solution of the 
salt to which twice its volume of a solution of chlorine has been added, 
gives, when heated with ammonia in excess, a clear sapphire-blue soln- 
tion, leaving nothing undissolved, aud thus showing the absence of 
iron, Besides iron, sulphate of copper lias been found to contain zincic 
sulphate. 

Nitrate of Copper, Cu(N0 3 ) 2 3H 2 0, is officinal ; it is very soluble. 

Cuprum Aluminatum, — A preparation, called cuprum aluminatum 
(Pierre divine), is in use in France and Germany, chiefly as an 
external wash. It is composed of 16 parts cupric sulphate, 16 
potassic nitrate, 16 alum, fused in a crucible, a little camphor being 
afterwards added. 

Regular and irregular medical practitioners, veterinary surgeons, 
farriers, and grooms, all use sulphate of copper (bluestone) as ait appli- 
cation to wounds. Copper as an internal remedy is not in favour 
either with quacks or vendors of patent medicines. 

(2) Copper in the Arts. — Copper is used very extensively in the 
arts ; it enters into the composition of a number of alloys, is one of the 
chief constituents of the common bronzing powders, is contained in 
many of the lilac and purple fires of the pyrotechnist, and hi a great 
variety of pigments. The last-mentioned, being of special importance, 
will be briefly described : — 

* According to Eulenberg ( Gewerbe Hygiene, p. 716), Oleuiu cajepute, Menth , 
pip,, Melissa:, Tanaceti, etc,, are almost always contaminated with copper. 

t Tardieu, jfitude Mid, ~L6g, sw I'Empoisonnement, 
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Pigments : — 

Schwdnfurt and Scheele’s Green * are respectively tile aceto-arsenite 
and the arsenite of copper (see art. “ Arsenic”). 

Brighton Green is a mixture of impure acetate of copper and chalk. 

Brunswick Green, originally a crude chloride of copper, is now 
generally a mixture of carbonate of copper and chalk or alumina. 

Mountain Green, or Mineral Green, is the native green carbonate of 
copper, either with or without a little orpiment. 

Neuwieder Green is either the same as mountain green, or Schwein- 
furt green mixed with gypsum or sulphate of baryta. 

Green Verditer is a mixture of oxide and carbonate of copper with 
chalk. 

Verdigris is an acetate of copper, or a mixture of acetates. Its 
formula is usually represented as (C 0 H 3 O 2 )CuO. It is much used in the 
arts, and to some extent as an external application in medicine. Its 
most frequeut impurities or adulterations are chalk and sulphate of 
copper. 

§ 802. Dose— Medicinal Dose of Copper. — Since sulphate of copper 
is practically the only salt administered internally, the dose is generally 
expressed as so many grains of sulphate. This salt is given in quantities 
of from '016 to ‘129 grm. (J to 2 grains) as an astringent or tonic; as 
an emetic, from '324 to '648 grm. (5 to 10 grains). 

The sulphate of copper is given to horses and cattle in such large 
doses as from 30 up to 120 grains (T9 to 7 ’7 grms.) ; to sheep, from 
T3 to 2’6 grms. (20 to 40 grains) ; rabbits, '0648 to -1296 grm. 
(1 to 2 grains). 

§ 803. Effects of Soluble Copper Salts on Animals. — Ilarnack has 
made some experiments on animals with an alkaline tartrate of copper, 
which has no local action, nor does it precipitate albumin. J to f 
mgrm. of copper oxide in this form, administered subcutaneously, was 
fatal to frogs, '05 grm. to rabbits, ‘4 grm. to dogs. The direct excita- 
bility of the voluntary muscles was gradually extinguished, and death 
took place from heart paralysis. Vomiting was only uoticed when the 
poison was administered by the stomach. f The temperature of animals 
poisoned by copper, siuks, according to the researches of I 1 . A. Falck, 
many degrees. These observations are in agreement with the effects 
of copper salts on man, and with the experiments of Orfila, Blake, 
G. Ph, Falck, and others, 

* The synonyms for Schweinfurt green arc extremely numerous : — Mitic green, 
Vienuie green, imperial green, emerald green, arc the principal terms in aettml use. 

t Ontheother hand, Brunton and West have observed vomiting produced in 
auimals after injection of copper peptone into the jugular vein.— Barth, Hogji. Itep., 
1877 , xii. 



COPPER. 


§ 303.1 


645 


Roger* experimented on the effect of copper legnminate which was 
admini stored subcutaneously ; he found gradual increasing paralvsi* 01 
the motor spinal tracts, which finally destroyed life by paralysis of the 
breathing centre. The heart beat after the breathing had stopped. The 
irritability and contractility of the muscles of frogs were lost, while 
sensibility remained. He also found that, if the copper was injected into 
the intestinal vessels, the dose had to be doubled in order to destrov life ; 
that is, donbtlcss, because the liver, as it were, strained the copper oil' 
and excreted it through the bile Roger was unable to destroy life ], v 
large doses of copper given by the mouth, for then vomiting supervened 
and the poison in great part was removed. 

Beruatzic f considers that the poisonous properties of copper are 
similar to those of zinc and silver. He says : “Silver, copp it, and zinc 
are, in their medicinal application, so much allied that, with reirard to 
their action, they graduate one into the other and show only minor 
differences) copper, which is a little the more poisonous of the three so 
far as its remote action is concerned, stands between the other two. If 
taken, in not too small a quantity, for a long time, the functional activity 
of the muscular and nervous systems is influenced injuriously, the 
development of the animal cells is inhibited, the number of the red 
blood corpuscles decreased, and therefore the oxidising process and 
metabolism are likewise diminished, leading ultimately to a condition 
of marked cachexia. . . . From a toxic point of view, the three 
metals named also stand near each other, and tbeir compounds aider 
from other raetals injurious to the organism in this, that they do not 
produce notable changes of the tissues or coarse functional disturbances 
lending to death as other poisonous metals, and therefore are not to to 
considered poisons in the same sense as lead, mercury, arsenic, antimony , 
phosphorus are considered poisons) for, on stopping the entry of the 
poison, any injurious effect is completely recovered from and the 
functions again become normal. ” 

Lehmann j: also has experimented on the effects of copper ; hi* 
experiments were made on both animals and men. He found that 
small quantities were more thoroughly absorbed than medium or large 
doses ; the method of separation appeared to be different in different 
animals — thus, the chief copper-excreting organ in dogs is the liver, in 
rabbits the intestine, and in man the kidneys, Of 3 mgrms. of copper 
taken by a man in three days, 1 mgrm,, ora third, was recovered from 
the urine. Lehmann experimented on 6 rabbits, 4 cats, and 1 dog. 
During the first few days the animals were given 10 to 30 mgmi*. of 


* Home dc Mtdeciw, 1877, xii, 
t Eneydopcd. d. yes, HrilkUTidc, xi, S, 429. 

Z Munch. metL H'ochcnschrijl, 1891, Nr. ho n. hti. 
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. , 4.1 , e fonn of a. salt, in their food ; then the dose was raised to 
711™. or even to 100 mgrms., and the experiment con tinned for 
flu two to four months ; in one case u months The sulphate, 
acetate chloride, oleate, butyrate, and lactate were all tried, hut no 
ssentird difference in action was discovered ; apart r shght vomiting, 
nd in a few cases, as shown by post-mortem, a slight catarrh of die 
stomach the animals remained well. A few increased in weight. 
Nervous symptoms, cramps, convulsions, diarrhoea, or the reverse, were 
not observed. The analysis of the organs showed considerable copper 
absorption ; the liver of the cats gave a mean amount of 12 mgrms. of 
copper, and in the other organs there was more copper than rs found m 

cases of acute poisoning. 

Lehmann has also made experiments upon himself and his pupils on 
the effect of the sulphate and the acetate when taken for a long tmie:- 


One of the experimenters took 

for 50 days 10 mgrms. daily Cu as 
sulphate. 

it 

then for 30 „ 20 

n » 

>> i* 

Another took for 3 days 

5 

mgrms. as acetate. 

, ( then for 10 days 

10 

n » 

!, » 1 da y 

. 15 

n t> 

„ „ 19 da 7 s 

. 20 

n » 

„ „ 18 days 

. 30 

n » 


Xone of these daily doses had the least effect. 

Five further experiments showed that 75 to 127 mgrms. of copper 
in peas and beans, divided in two meals, could lie taken daily without 
effect ; but if 1'27 mgrms. were taken at one meal in 200 grins, of peas, 
then, after a few hours, there might be vomiting ; and Lehmann con- 
cludes that doses of copper in food of about 100 mgrms. may produce 
some transient derangement in health, such as sickness, a nasty taste in 
the mouth, and a general feeling of discomfort, hut nothing more. Some 
slight colicky pains and one or two loose motions are also possible, but 
were not observed in Lehmann’s experiments. 

§ 804. Toxic Dose of Copper Salts.— This is a difficult question, 
because copper salts generally act as an emetic, and therefore very large 
doses have been taken without any great injury. In fact, it may be laid 
down that a medium dose taken daily for a considerable time is far more 
likely to injure health, or to destroy life, than a big dose taken at once. 
Tn Tschirch’s* careful experiments on animals, he found 10 mgrni. doses 
of CuO given daily to rabbits, the weight of which varied from 1200 
to 1650 grms, , caused injury to health — that is, about 3'5 mgrms. per 
kilo, If man is susceptible in the same proportion, then daily doses of 
* Das Kupfcr, Stuttgart, 1893. 
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227 '5 mgrrns. (or about grain's) would, cause serious poisonous 
symptoms; although double or treble that quantity might in a Jhi -’o 
dose be swallowed and, if thrown up speedily, no great harm re>ult 
120 grins. of sulphate of copper have been swallowed, and yet thv 
patient recovered after an illness of two weeks.* Levin f meuti, 
the case of ;ui adult who recovered after ten days’ illness, although tho 
dose was 15 grtns. ; there is also ou record the case of a child, four and 
a half years old, who recovered after a dose of 16 '5 grin (a little over 
half an ounce). On the other hand, 7'7 graos. have been with dithenhv 
recovered from. 1 A woman died in seventy two hours after tab;; tar 27 
grrns. (7 dnus.) of copper sulphate mixed with 11-6 grins. (3 dims, , 0 f 
iron sulphide ; 56'6 grrns. (2 ozs.) of copper acetate have caused death 
in three days, 14*2 grms. (0‘5 oz.) in sixty hours.-; 

§ 805. Cases of Acute Poisoning. — Acute poisoning by* salt* v-f 
copper is rare : in die ten years ending 1903, there were registered in 
England 5 deaths from this cause — 3 suicidal (2 males, 1 female; 
and 2 accidental (males). The symiptoms produced by the sulphate 
of copper are those of a powerful irritant poison ; there is immediate 
and violent vomiting; the vomited matters are of a greenish colour — 
a green distinguished from bile by tire colour changing to blue on the 
addition of ammonia. There is pda in the stomach, and in a little 
time affections of tlxe nervous system, as shown by spasms, v rumps, 
paralysis, and even tetanus. Jaundice is a frequent symptom, if litV is 
prolonged sufficiently to admit of its occurrence. 

One of the best examples of acute poisoning by copper sulphate i* 
recorded by Maschka.[[ A youtli, sixteen years old, took an unknown 
large dose of powdered copper sulphate, mixed with water. Half uu 
hour afterwards there was violent vomiting, and he was taken to the 
hospital, There was thirst, retelling, constriction in the throat, a cop- 
pery taste in the mouth, and pain in the epigastrium, wliich was painful 
on pressure. The vomit was of a blue colour, and small nndissoivod 
crystals of oopper sulphate were obtained from it, The patient was pale, 
the edges of the lips and the angles of the mouth Were coloured blue, 
the surface of the tongue had also a blue tint, the temperature wa> 
depressed, the extremities cold, nails cyanotic, aud the pulse small and 
quick, Several loose greenishyellow evacuations were passed ; there 
was no blood, The urine was scanty, but contained neither blood nor 
albumen, During the night the patient was very restless ; the next 
morning he had violent headache, pain in the epigastrium, burning hi 

* Referred to by Bematric, on the authority of Ketli, in ErnytL A g<s. 
Ktilkunde, xi, S, 433 

t Toxicdogie , S. 133. f Taylor, op. eit , § Sonneuscliem, op. v,'\ 

!i Wicua- inal. lf r och,easc&>\, 1871, Nro. 26, p. 6'2S. 
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the mouth and gullet, but no vomiting. The urine was scanty, con- 
tained blood, albumen, and colouring matter from the bile. On the 
fourth day there was marked jaundice. The mucous membrane was 
very pale, the temperature low, pulse frequent ; and great weakness, 
cardiac oppression, and restlessness were experienced. There were 
diarrhoea and tenesmus, the motions being streaked with blood ; the 
urine also contained much blood, The liver was enlarged. The patient 
died in a state of collapse on the seventh day. 

In 1836 a girl, sixteen months old, was given blucstone to play with, 
and ate an unknown quantity ; a quarter of an hour afterwards the 
child was violently sick, vomiting a bluish-green liquid containing some 
pieces of sulphate of copper. Death took place in four hours, without 
convulsions, and without diarrhoea. 

§ 806. Subacetate of Copper, Subchloride, and Carbonate, all act 
very similarly to the sulphate when given in large doses. 

§ 807. Post-mortem Appearances. — Iu Maschka’s case, the chief 
changes uoted were in the liver, kidneys, and stomach. The substance 
of the liver was friable and fatty ; in the gall-bladder there was but a 
few drops of dark tenacious bile. The kidneys were swollen, the 
cortical substance coloured yellow, the pyramids compressed and pale 
browu. In the mucous membrane of the stomach there was an excori- 
ation the sire of a shilling, in which the epithelium was changed into a 
dirty brown mass, easily detached, laying hare the muscular substance 
beneath, but otherwise normal, 

In a case of poisoning by verdigris (subacctate of copper) recorded 
by Orfila,* the stomach was so much inflamed and thickened that 
towards the pyloric end the opening into the intestine whs almost 
obliterated. The small intestines throughout were inflamed, and per- 
foration had taken place, so that part of the green liquid hail escaped 
into the abdomen, The large intestines were distended in some parts, 
contracted in others, and there was ulceration of the rectum. In other 
cases a striking discoloration of the mucous membrane, being changed 
by the coutact of the salt to a dirty blnish-green, has been noticed, and, 
when present, will afford valuable indications. 

§ 808. Chronic Poisoning by Copper, — Symptoms have arisen among 
workers in copper or its salts, and also from the use of food accidentally 
contaminated by copper, which lend support to the existence of chronic 
poisoning. Iu tlie symptoms there is a very great resemblance to those 
produced by lead, There is n green line on the margin of the gums 
Dr. Clapton f found the line very distinct in a sailor and two working 
coppersmiths, and the two men were also seen by Dr, Taylor, Cases of 

* Toxicologic, vol. i. p. 787 (5th erl.). 
t Med. Times and Gazette, June 1868, j*. 658. 
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chronic poisoning among coppersmiths have also been treated by Dr. 
Cameron,* but this symptom was not noticed. Corrigan speaks of the 
line round the gums, but describes it as purple-red. Among workers in 
copper, Lancereauxf has seen a black coloration of the mucous mem- 
brane of the digestive canal ; its chemical characters appear to agree 
with those of carbon. 

Metallic copper itself is not. poisonous. A Mr. Charles Reed has 
published a letter in the Chemical Netoi of Jan. 12, 1894, stating that 
he was, when a boy, wounded in the shin by a copper percussion -cap, 
and the cap remained in the tissues ; it was removed from the shin 
after a sojourn there of some twelve years; about the year 1873 he 
noticed that whenever a piece of clean iron or steel came in contact with 
his perspiration it was at once covered with a bright coating of copper, 
and this continued until the percussion-cap was removed. Presuming 
the truth of this, it shows conclusively that metallic copper deposited in 
the tissues is in itself not poisonous, and further, that one method of 
elimination is by the skin. The experiments already cited throw doubt 
as to whether repeated small doses of copper taken for a long time 
produce, in a scientific sense, chronic poisoning ; those which apparently 
support the view that there is such a thing as chronic poisoning by 
copper have been produced by copper mixed with other metals, and 
there is the possibility that these cases are really due to lead or arsenic 
aud not to copper. The great use of late years of solutions of copper 
sulphate as a dressing to plants, for the purpose of preventing the 
ravages of various parasites, has provided, so far as animals are concerned, 
much material for the judgment of this question. Sheep have been fed 
with vines which have been treated with copper sulphate, oxen and pigs 
have consumed for a loug time grass treated with a 3 per cent, of copper 
sulpliate, without the least health disturbance. Mach J has fed cows 
with greeu food coppered up to 200 mgrms. of copper sulphate, without 
observing the slightest bad elfect, for loug periods of time; and Tschirch § 
summarises the evidence as to chronic poisoning as follows: — "So it 
appears the contention that there is no chronic poisoning in men or 
animals is at present uncontradicted ; it is further to be considered 
proved that the small amounts of copper naturally in food, or carefully 
introduced into food, are not injurious to the health of those that take 
such food, because the liver, kidneys, and other organs excrete the 
copper through the urine and bile, and prevent a pernicious accumu- 
lation. ” At the same time, Tschirch does not consider the question is 

* Med , Times and Gazette, 1870, vol, i, p, 581. 

t Atlas of Pathological Anatomy, 

X Mach, Berichf, Uhcr die JErgchnissc der im JahrelSSQ ausgcfilhrtcn Vcrsuche sur 
Jjclciimpfmg dcr Pcronospom, St. Michele, Tyrol. § Op. cit. 
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definitely settled ; the experiments should, he thinks, have been con- 
tinued not for months, but for years, to obtain a trustworthy judgment. 

It may also be remarked that, if we are to rely upon the separation 
of copper by the kidneys and the liver, those organs are presumed to be 
iu a healthy state, which is not the case with a percentage of the popu- 
lation j to persons whose liver or kidneys are unsound, eveir the small 
amounts of copper found in “coppered ” peas may act as a poison, and 
the experiments previously detailed throw no light upon the action of 
copper under such circumstances. 

§ 809. Detection and Estimation of Copper. — In routine analysis, 
a solution of inorganic salts, acidified only moderately with hydrochloric 
acid, will have been saturated with hydric sulphide, and any precipitate 
treated with ammonium sulphide to dissolve out the sulphides of arsenic, 
antimony, and tin ; the sulphides remaining insoluble may he silver, 
mercury, bismuth, lead, copper, cadmium, zinc, and there may be, if 
platinum vessels have been used, a trace of platinum sulphide. These 
mixed insoluble sulphides are attacked by nitric acid, diluted with its 
own volume of water, and the mixture boiled. Soluble nitrates are 
formed of most of the metals, but sulphide of mercury will not be dis- 
solved, nor platinum sulphide — the lead sulphide, if present, will also 
iu great part have been converted into sulphate, so that these, with 
free sulphur, can be filtered off, In the nitric acid solution, any silver 
may be detected and separated by hydrochloric acid, lead by dilute 
sulphuric acid, and bismuth by adding an excess of ammonia and 
filtering off any white precipitate, Should copper be present, the 
ammoniaca.1 liquid will be of a blue colour. To separate the copper the 
liquid may be evaporated to dryness, and the nitrate decomposed by 
heating with a little sulphuric acid ; the resulting sulphate is dissolved 
In water, boiled, and to the boiling liquid hyposulphite of sodium 
solution added, which produces a precipitate of cuprous sulphide, 
Cu 2 S, mixed with sulphur, This sulphide may be readily converted 
into a soluble copper salt and further identified by tests. 

Electrolysis of Copper Salts, — Both as a means of detection and 
estimation of copper, electrolysis is much used. Copper is readily 
deposited from an acidified solution on either bright iron or bright 
zinc. An old method of estimating copper was to treat a solution with 
zinc-foil and dilute sulphuric acid, but this somewhat crude process is 
now but little used, The ordinary process of electrolytic deposition of 
copper is to dissolve up to 1'5 grm, of the substance containing copper 
in dilute sulphuric acid, to add a small quantity of nitric acid, and to 
dilute up to 130 c.c. with water, using platinum poles ; the anode may 
conveniently be a platinum dish. The solution is heated to about 
60°-65°, and the current should be 2'5— 3 amperes and 2 volts. The 
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deposit is washed (without interrupting the current) first with water, 
then with alcohol, and finally with ether, and is then carefully dried and 
weighed. Should iron, nickel, or cobalt be present, Ivu tie rath "* aids 
2 grins, of formaldehyde, which prerents their deposition. 

Special Tests for Salts of Copper. — Hydrazine Sulphate. — A 3 w 
cent, solution of hydrazine sulphate added to a solution of u copper 
salt, in presence of an excess of sodium hydroxide, precipitates tire 
copper as metallic copper ; the metal may be filtered off, dried, hunted, 
and weighed as cupric oxide, t 

Diphenyl- Carba-ide Test. — A cold saturated solution of the carbazide 
in benzene, agitated with an aqueous solution of a copper salt, produces 
a violet compound winch dissolves in the benzene. J Carbazidc gives 
colctirs Similarly with a number of metals, but the hue of the copper 
compound differs from all others. 

T’ormaldoxinve. — Form&ldoxime is made by adding hydros v la mine 
hydrocliloride to formaldehyde in solution in the proportion 1 : 5. This 
solution is mixed with the solution to be tested for copper and a slight 
excess of potash solution; should copper be present, a violet colour 
results, It is stated that one part per million of copper in aqueous 
solution may be detected by this reagent. § 

Tito Bromine Test — On evaporating a solution containing a copper 
salt to dryness, and then adding bromine water and again evaporating 
to dryness, a black residue of copper bromide is formed; this will, 
according to Vital i, detect one part of copper sulphate in a milliou of 
water. [1 

Micro- Chemical Tests /or Copper. — A dilute solution of a copper 
salt, to w'hicli ammonia has been added, gives a precipitate with 
potassic fereocyauide of ammonium ferroeyanide of copper (Fe(GA‘\Cu.,, 
42CH 3 , H l X) ) in pale yellow characteristic crystals ; the crystals, without 
changing their form, gradually lose ammonia, and then the colour 
becomes a red' brown or brick-red. 

A oopper salt dissolved in a concentrated solution of potassium 
nitrite, to which acetic acid in excess has been added and then a small 
fragment of lead acetate, is converted into a triple nitrite of potassium, 
copper, and lead 2h T 0 5 K, (FTO^Pb, (h T 0 2 ).jCu 6H.,0 ; this salt is in 
highly refractive cubes, and is very characteristic. 

§810. Volumetric Processes for the Estimation of Copper. — A 
number of volumetric processes have been devised for the estimation of 

* Zrit, anycio. Chcrn. , 1904, 

t Paul Jannasch and K. Biedermann, Ber., 1900, 

+ Paul Cazeneuve, Com.pt. Bend,, 1900. 

§ Dunsian and Rossi, Joitru, Ckeui. Soc., Trans., 1898. A, Bach, Cornu*. 
Reed, , 1S99, 

„ D. V itali, BoU. Cli (Oi, Barm., xstxviii. 
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copper, but for the purposes of this work it is unnecessary to detail 
them. When copper is in too small a quantity to be weighed, it may 
then be estimated by a colorimetric process. 

One of the best of these is based upon the brown colour which ferro. 
cyanide of potash produces in very dilute solutions of copper. A 
standard copper solution is obtained by dissolving sulphate of copper in 
a litre of water, so that each ac. contains 0'1 mgrm. Cu, and a solution 
of ferrocyanide of potash in water is prepared, strength 4 per cent. It 
is also convenient to have a solution of nitrate of ammonia, which is 
found to render the reaction much more delicate. 

The further details are on the well-known lines of colorimetric 
estimations. 

3. BISMUTH. 

§ SI I. Bismuth, Bi = 210 j specific gravity, 9 '799 ; fusing-point, 204° 
(507-2° P,), — Bismuth, as obtained in the course of analysis, is either a 
black metallic powder or an extremely brittle bead of a reddish, white 
colour. The compounds which it will be necessary to briefly notice are 
the peroxide and tersulphide. 

§ 812. The peroxide of bismuth, Bi 2 0 3 = 468 — specific gravity, 8-211 ; 
Bi, 89'64 per cent. ; 0, 10'36 per cent. — as prepared by igniting the car- 
bonate or nitrate, is a pale lemon-coloured powder, which can be fused 
without loss of weight, but is reduced on charcoal, or in a stream of 
carlwn dioxide, to the metallic state. It is also reduced by fusion with 
potassic cyanide or by ignition with ammonium chloride. 

§813. The Sulphide of Bismuth, Bi 2 8 8 = 516 — Bi, 81-25 pea- cent. ; 
S, 18-75 per cent. — occurs, in the course of analysis, as a brownish- 
black or quite black precipitate, insoluble in water, dilute acids, alkalies, 
alkaline sulphides, sulphate of soda, and cyanide of potassium, but 
dissolving in moderately concentrated nitric acid with separation of 
sulphur, It continually increases in weight when dried in the ordinary 
way, and is completely reduced when fused with cyanide of potassium. 

§ 814. Preparations of Bismuth used in Medicine and the Arts. 

(1) Pharmaceutical Preparations: — 

Bismuthi Subnitras, Bi0N0 3 .H 2 0, — A heavy white powder, insol- 
uble in water, and responding to the usual tests for bismuth and nitric 
acid, The formula should yield 77 per cent, of bismuth Oxide. 
Commercial preparations, however, vary from 79 to 82 per cent. 

Bismuth Lozenges (Trochisci bismuthi) are composed of subnitrate 
of bismuth, magnesia carbonate, precipitated lime carbonate, sugar, and 
gum, mixed with rose water, Each lozenge should contain 0-13 grm. 
(2 grains) of subnitrate of bismuth. 
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Solution of Citrate of Bismuth and Amm onia (Liquor Bismuth! et 
Ammonise citratis), a colourless neutral or slightly alkaline* tlni-3 
specific gravity T07, responding to the tests for bismuth and amu,o«>'' i 
A s au impurity lead may he present, citric acid being So freauvuriv 
contaminated with lead. Carbonate of bismuth (Buanuthi .*.," .. 
(Bi. i O. J C0.,).,H ; 0, is a fine white powder answering to the f, 

carbon dioxide and bismuth ; it should yield S9'l per cent, of ! lias nth 
oxide. 

A Nitrate of Bismuth, Bi(NO a ) 3 , an oleate of bismuth, an oxide «f 
bismuth, a snbgullate of bismuth ( dermoid ), and a subiodido i.f bi-mrui 
are also used in medicine. 

(2) Bismuth in the Arts.* 

The chief use of bismuth is in alloys and solders. The ehr. -in.vto s 
employed in calico •printing, and the subnitrate as a paint uhrlrrih** 
inuue of pearl .white. 

The suits of bismuth also occur in washes for the hair. an I 
pearl-white is used as a cosmetic, but only to a small extent, 

§ SI 5. Medicinal Boses of Bismuth. — The subnitrate and .‘arlvai- 
n tc ate prescribed in doses from '0648 to 1 "296 grin. (I to 20 ■-•fair,-) , 
the valerianate, from '1296 to '648 gtm (2 to 10 grains): mil the 
solution, from 1*7 c.c. to 6'2 c.c. (1 drachm to 1J drachm), 

§816. Toxic Effects of Bismuth. — From the researches <.fi Mover 
and Steiufeldt on animals, it appears that if birds or mammal- .ire 
poisoned with bismuth salts introduced subcutaneously, or i.v direct 
itijectiou, into the veins, death follows in fixmi twenty. four to forte, 
eight hours, the fatal issue being preceded by convulsions ; after ..<oa;h 
the colon is intaisely blackened, and it may he ulcerated, while tin* 
small intestines and the stomach are healthy. If, however, sulphur 
preparations are given by the mouth, there is then blacken hi a of *i, r . 
stomach, aud there may also be ulcers. Meyer is of the opinion :1a; 
SH 7 precipitates bismuth in the parenchyma, and the particles occlulimr 
the capillaries thus cause small local neerosos ; that which esemvs pre- 
cipitation is maiuly excreted by the kidneys. Poisouons synu >n>: •.<* in 
man have been known to occur from the treatment of wounds with 
bismuth preparations;* the symptoms have been somewhat .-rin.ihr to 
mercurial poisoning ; there have been noticed stomatitis with s;tliv;ttii>u, 
loosening of the teeth, a black, colour of the mucous membrane of the 
mouth, aud ulceratiou — also catarrh of the intestines, aud the inxlanima- 

* Bismuth is contained in all oopper coinage — from the Baetrian coins to oar 
own ; in all cupreous oies, except the carbonates, aud in nearly all spwiinnis .> f 
commercial copper. — Field, Chem, Ncics, xxxvl, 261, 

t Ij. Feydei'.Meyer, Rossback's fharmnk. Unt£n,, iii,, 1882, No. 23 4. ritvii.f-M, 
lies IPfstLiU. ItLuug. Dins. , Eorjiat, 1884 ; A, ‘eft. exp. P. , Bd. xx. Iris). 

+ B , ifeil. Journal, 1887, i. 749, 
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,,,. Sidneys usual wlien that organ has to excrete 

tory condition , to t i ie i^dy the :1 metallniere,” or metal 

metallic substances no ^ . g recol ded of death in nine 

kidney, of the German nn . drms.) of bismuth subnitrate. 

nf mi adult after taking 7 < g™ 5 ' ^ \ , 

The” recorded symptoms were a metallic taste m the mouth, pam in he 
The recoraea i * coldness of the surface, and spasms of the 

throat, P 8 examination showedinflammatory changes 

and throughout the intestinal canal. Recovery 

It it po-W «*“» “» tol «*“ ™ d “ 10 ,mf “ re 

Extraction and Detection of Bismuth in Animal Matters, 
hlmuth appears to be excreted principally by the bo wels as sulphide 
of timathi but it has also been detected in the urme, s^eeu, and 
iLr and Lubinsky has found it in the saliva and m he epithelium of 
L mouth of persons taking one of its preparations. Without denying 
Z possibility of its existing in a soluble state in the saliva, its presence 
in the mouth may, under such circumstances, be ascnbed to the 
lodgment of particles of subnitrate or subcarbonate of bismuth m the 
inters tioes of the teeth, eta It will then be evident that, if a person is 
sunDOSed to have been poisoned by a large dose of bismuth, and the 
analyst fail to find it in the stomach, the contents of the bowels should 

be next examined. 

The extraction of bismuth must he undertaken by nitric acid, and 
boilum for at least two hours may be necessary to dissolve it out from 
the tissues. Such organs as the liver and spleen are boiled in a finely 
divided state with a litre of dilute nitric acid (strength, 5 per cent.), for 
the time mentioned, filtered, and the filtrate evaporated to dryness ; the 
remainder is then carbonised by strong nitric acid ; and, finally , the 
charcoal is boiled with equal parts of nitric acid and water, and 
the whole evaporated to dryness. By this method every trace of 
bismuth is extracted, The dry residue may now be brought into 
solution and tested for bismuth. The best solvent for the nitrate of 
bismuth is dilute nitric acid 50 per cent. ; the dry residue is therefore 
dissolved in 100 or 200 c.c. of the acid, and fractional parts taken for 


examination : — 

(1) The solution, poured into a large volume of warm distilled water, 
gives a crystalline precipitate of subnitrate of bismuth. The only metal 
giving a similar reaction' is antimony, and this is excluded by the 
method employed, 

(2) The filtered fluid gives on addition of sodic chloride a precipitate 
of oxychloride. This again is distinguished from oxychloride of antimony 
by its insolubility in tartaric acid. 
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(3) Any bismuth precipitate, fused with soda on charcoal, gives a 
brittle bead of bismuth. The charcoal is coated, whilst warm, a dark 
orange-yellow ; on cooling, citron-yellow. 

(4) The bead may be identified by powdering it, placing it in a >hort 
subliming tube, anti passing over it dry chlorine. Tbe powder first t unu 
black, then melts to au amber-yellow fluid, and finally, by prolong* 1 
halting, sublimes as tercbloride of bismuth. 

(а) A very delicate test proposed by Abel and Field, in 1-62.+ 
specially for the detection of bismuth in copper (but by no mcan> on* 
Sued to mineral analysis), utilises the fact that, if iodide of lead i-e 
precipitated from a fluid containing the least trace of bismuth, instead of 
the yellow iodide the scales assume a dark orange to a crimson tint, A 
solution of nitrate of lead is used ; to the nitric acid solution ammonia 
and carbonate of ammonia are added the precipitate is washed, and 
dissolved in acetic acid ; and, finally, excess of iodide of potassium is 
added. It is said that thus so small a quantity as -00025 grm. may be 
detected in copper with the greatest ease, the iodide of lead l»vm,i>ng 
dark orange ; '001 grain imparts a reddish-brown tinge, and '01 grain 
a crimson. 

(б) A solution of bismuth salt, which must contain no free HC1, when 
treated with ten parts of water, 2 of potassium iodide, and. 1 pun m 
cinchonine, gives a red orange precipitate of cinchonine iod. -bismuth. 1 

(7) Van Kobell’s test, as modified by Hutchings,! and proposed more 
especially for the detection of bismuth in minerals, is capable of Whip 
applied to any solid compound suspected of containing the metal:- A 
mixture of precipitated and purified cuprous iodide, with an c-pi.-l 
volume of flowers of sulphur, is prepared, and 2 parts of tins mixture 
are made into a paste with 1 part of the substance, and heated oir a tUp 
of charcoal on an aluminium support by the blowpipe flame, if b:*m»?li 
be present, the red bismuth iodide will sublime, and on clean aluminium 
is easily distinguishable. 

Micro-Chemical Test,— Either ctesium or rubidium chloride, added 
to a hydrochloric acid solution of bismuth salts, gives a double chloride 
crystallising in hexagonal tables. 

§ 8 IS. Es tima tion of Bismuth. — The estimation of bismuth, when m 
any quantity easily weighed, is, perhaps, best accomplished by fusing the 
sulphide, oxide, or other compound of bismuth, in a porcelain crucible 
with cyanide of potassium ; the bismuth is reduced to the metallic state, 
the cyanide can be dissolved out, and the metallic powder washed (first 
with water, lastly with spirit), dried, and weighed. 

* Joum . Chen. Soe., 1863, vol. xiv. p. 290; Chen. Sews, vol. xxxvi p. Vol. 

f E. Legal*, Bidh dc hxBoc Chiti., vol i\*«, 18SS, 91. 

£ Chon. Iftics, Vol. xsxvi. p. 249. 
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Mr. Pattison Muir lias shown * * * § that bismuth maybe separated from 
iron, aluminium, chromium, and manganese, by adding ammonia to the 
acid solutions of these metals. 

This observation admits of many applications, and may be usefully 
taken advantage of in the separation of bismuth from the nitric acid so hi. 
tion of s uch animal matters as liver, etc. The acid liquid is partially 
neutralised by ammonia, and, on diluting with warm water containing a 
little sodium or ammonium chloride, the whole of the bismuth is precipi. 
tated as oxychloride, which may be collected, and fused with eyanide of 
potassium, as above. 

If the bismuth precipitate is in small quantity, or if a number of 
estimations of bismuth are to be made, it is most convenient to use a 
volumetric process. In the case first mentioned, the oxychloride could 
be dissolved in nitric acid, sodium acetate added in excess, and sufficient 
acetic acid to dissolve any precipitate which has been produced, and then 
titrated by the following method, which we also owe to Mr, Pattison 
Muir : — 

Es timat ion of Bismuth by Potassium Dichromate.t — A solution 
of recrystallised potassium dichromate (strength, 1 per cent.) is 
prepared. A known weight of pure bismuthous oxide (lii 2 0 3 ) is 
dissolved iu excess of nitric acid, and a solution of sodinm acetate is 
added to this liquid until a copious white precipitate is thrown 
down; acetic acid is then added in quantity sufficient to dissolve the 
precipitate completely, and to insure that, when the liquid is made 
up with water to a fixed volume, no precipitate shall be formed. A 
certaiu volume of this liquid is withdrawn by means of a piipette, 
placed in a beaker, and heated to boiling ; the potassium dichromatc is 
then gradually run in from a burette, the liquid being boiled between 
each addition of the solution, until a drop of the supernatant liquid 
gives a faint reddish brown coloration when spotted with silver nitrate 
on a white slab, 

Another very generally applicable volmnetric method for bismuth has 
been proposed by Mr, Muir. J This depends 011 the fact (observed by 
Sonchay and Leussen),§ that normal bismuth oxalate splits up on holing 
into a basic oxalate of the composition Bi 2 O s 2G 3 0 3 + 011. 2 , but slightly 
soluble in nitric acid, The process is performed by precipitating the 
bismuth by excess of oxalic acid, dissolving the precipitate (first purified 
from free oxalic acid) iu dilute hydrochloric acid, and lastly, titrating by 


* Pattison Muir on “ Certaiu Bismuth Compounds,” Journ. Chcm , Soe,, p. 
7, 1876. 

t Pattison Muir ou ’< Certain Bismuth Compounds,” / 011 m. Chen, Soc., «. C59, 

1879. 


Ibid . , 1877. 


§ Ann. Chan. 1‘honn. , vol, cv. ji 245. 
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permanganate. The absence of free hydrochloric acid before precipitating 
must be insured. 

Electrolytic Estimation. — An adherent deposit of bismuth 
from the sulphate or nitrate, suitable for quantitative estimation, 
may be obtained by dissolving up to 0'6 grm. with 3-4 gnats, of 
carbamide or formaldehyde or acetaldehyde in 5-6 c.c. nitric acid 
anti diluting to 150 c.c. with water; the solution may be warmed 
to from ,80°— 90 ° ; the current density should be from 0'04— O'O.s 
ampere, and the E.M.F. from lo-l'9 volts. The precipitated metal 
is washed without stopping the current, and ultimately dried at 
100° C."* 

Earl Wumueuauer t uses 1-2 c.c. of glycerol, and lays stress on the 
importance of agitating the solution constantly (which is easiest 
effected by using a rotating cathode). He recommends a current of 
0'1 ampere ; this, should indications of peroxide be detected, is 
reduced to 0'05 ampere. The temperature of the solution is to be 
raised to 50° and maintained at that temperature. 


4. SILVER. 

§ 819. Silver— 108; specific gravity, 10'5 ; fusing-point, 1023° 
(1873° F,). — Silver, as separated in analysis, is either a very white, 
glittering, metallic bead, or a dtdl grey powder, It does not lose weight 
on ignition, and is soluble in dilute nitric acid. 

§S20. Chloride of Silver, AgCl= 143’5— specific gravity, 6-5r>2 ; 
Ag, 75-27 per cent.; Cl, 2 4 ‘ / 3 per cent, — is a dense, white, curdy 
precipitate when produced in the wet way. It is very insoluble in 
water, dilute nitric acid, and dilute sulphuric acid ; in many warm 
solutions (especially aqueous solutions of the chlorides generally, the 
alkaline and alkaline-earthy nitrates, aud tartaric acid solutions) the 
silver is dissolved to an appreciable extent, but deposited again cm 
diluting aud cooling, The complete solvents of chloride of silver are — 
aarmonia, cyanide of potassium, and hyposulphite of soda. Chloride 
of silver cauuot be fused at a high heat without some slight loss by 
volatilisation ; on charcoal in the R.F., it fuses very easily to a globule. 
It can with soda be reduced to metal, and can also readily be reduced 
by ignition in a current of hydrogen, carbon oxide, or carbnretted 
hydrogen gas. 

§821, Sulphide of Silver, Ag,S — 2-18 — specific gravity, 7‘2 ; Ag, 87'1 
per cent. ; S, 12 '9 per cent — when prepared in the wet way, is a black 
precipitate, insoluble in water, dilute acids, and alkaline sulphides. If 

■* Dmitry Balaehowsky, Co»\pt, Rend., esxxi. 1900. 
t Zeit. an organ. Chemie, xxvii. 1901. 
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ignited in hydrogen it maybe reduced to tlie metallicstate ; it is soluble 
in nitric acid, with separation of sulphur. 

§ 822. Preparations of Silver used in Medicine and the Arts. 

(1) Medicinal Preparations : — 

Nitrate of Silver, AgN0 3 ; Ag, 63'51 per cent. ; N 2 0 5 , 36'49 per 
cent. — This salt is either sold crystallised in colourless rhombic prisms, 
or in the form of small white pencils or sticks. It gives the reactions for 
silver and nitric acid, and stains the skin black. 100 parts, dissolved in 
distilled water, should give, with hydrochloric acid, a precipitate which, 
when washed and dried, weighs 83‘4 parts. The silver is, however, far 
more quickly estimated by the blowpipe than in the wet way. One grm. 
fused in a cavity on charcoal should give a little globule of metallic 
silver, weighing about "6351 grm. Idle chief adulterations of this 
substance are copper, lead, and nitrate of potash. If all the silver is 
precipitated by hydrochloric acid, carefully filtered off, and the filtrate 
evaporated to dryness, any residue will denote adulteration or impurity. 

Argenti Oxidum, Oxide of Silver, Ag 2 0= 232 ; Ag, 93T9 per cent. 
— A dark olive-brown powder, soluble in ammonia and nitric acid. By 
ignition it readily yields metallic silver. The P.B. directs that 29 grains 
of the oxide should yield 27 of metallic silver. 

Nitrate of Silver and Potash (Argentum nitricum cum kali 
nitrico), AgNOg + KNOg. — This preparation is in most of the pharma- 
copoeias, Austrian, German, Danish, Swedish, Russian, Swiss, and the 
British; it is directed by the B.P. to be composed of 1 part of silver 
nitrate and I part of potassie nitrate fused together. A “toughened 
silver nitrate' 1 is made by rasing together potassie nitrate 5, silver 
nitrate 95. Mild caustic points are used by oculists by fusing 1 of 
silver nitrate with 2, 3, 3 J, and 4 parts of potassie nitrate. 

(2) Silver in the Arts. — The uses of the metal in coinage, articles for 
domestic purposes, for ornament, etc., are too well known to require 
enumeration. The only forms in which silver is likely to give rise to 
accident are the salts used in medicine, photography, in the dyeing of 
hair, and in the manufacture of marking inks. 

Hail' -Dyes. — About one-lialf of the hair-dyes in use are made with 
nitrate of silver. The following are only a few of the recipes : — 

Aqua Orientalis, — Grain silver 2 dmis., nitric acid 1 oz., steel filings 
4 drms,, distilled water 1£ oz. — the whole finally made up to fluid 
ozs., and filtered, 

Argent an Tincture, — Nitrate of silver 1 drachm, rose water 1 fluid 
oz., sufficient nitrate of copper to impart a greenish tint, 

Eau d’Afrique, — Two solutions — one of nitrate of silver, the other 
of potash, containing ammonium sulphide. 
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The photographer use? various salts of silver, the chief of wh: h . irv 
— the nitrate, iodide, bromide, cyanide, and chloride of silver. 

Marking-Inks. — Some of the more important recipes for niarkhr'- 
ink are as follows: — 

Nitrate of silver, TO part) hot distilled water, 3 b parti : uvsu vla '■ 
previously rubbed with sap-green, TO part- With this is sold a •• j . Ulu l, ■« 
or preparation consisting of a coloured solution of sodio carU-uai - 
Another preparation is very Similar, hut with the addition of 
and some colouring matter, such as indigo, syrup of buckthorn, r .. u ,. 
green. A third is made with tartaric acid and nitrate of sip.-, r 
solved in ammonia solution, and colotn-ed. 

Redwood’s Ink consists of equal parts of nitrate of silvr-r an! j ,, . t 
sic hi tartrate, dissolved in ammonia, with the addition of nrebil jiv-i! 
and sugar; according to the formula, 100 parts should equal if;-.; 
silver nitrate 

Sonbeiran’s Ink is composed of cnpic nitrate 3, argentic* idtra-v - 
sod ic carbonate 4, aud the whole made up to 100 parts, in sohni- .u 1. 1 
ammonia. In one of Mr. Reade’s inks, besides silver, an aiumni.-.,; 
solution of a salt of gold is used. 

§ 813. Medicinal Bose of Silver Compounds.— The nitrate and th- 
oxide of silver are given iu doses from ‘0162 to '1200 gnu. (J grain u-. t T 
grams), Anything like 1944 to "2592 grm. (3 or 4 grains 1 w> u • i„- 
considered a large, if not a dangerous dose; hut nothing tie ;»• > 
known ns to what would be a poisonous dose. 

§ S24. Effects of Nitrate of Silver on Animals. — Nitrate of >;’wt 
is changed into chloride by the animal fluids, and also forms a vorn- 
pormd with albumen, Silver chloride and silver albuminate are K.;h 
somewhat soluble in solutions containing chlorides of the alkalies, which 
explains how a metallic salt, so very insoluble in water, can K> a': --->r -v l 
by the blood, 

Tire action of soluble salts of silver on animals has been several times 
investigated. There appears to bn some difference between its oifocis on 
warm- aud cold-blooded animals, In frogs there is quickly an exalt .it hm 
of the functions of the spinal cord ; tetanic convulsions appear, similar to 
those induced by strychnine ; later, there is disturbance of the respiration 
and cessation of voluntary motion. 

The first symptoms with dogs and cuts are vomiting and diarrhea; 
muscular weakness, piralysis, disturbance of the respiration, and weak 
clonic convulsions follow, Ronget, as well as C'urci, considers that the 
action of silver is directed to the central nervous system ; there is iir.-t 
excite mei it, and then follows paralysis of the centres of respiration and 
movement. Death occui-s through central asphyxia. Aerm-dinn to the 
researches of 1’ . A. 1-alck, subcutaneous injections of silver nitrate into 
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rabbits cause a fall of temperature of 6'7° to 17 '6°, the last being the 
greatest fall which, in his numerous researches on the effect of poisons on 
temperature, he has seen. 

Chronic poisoning, according to the experiments of Bogoslowsky on 
animals, produces emaciation, fatty degeneration of the liver, kidneys, and 
also of the musdes — a statement confirmed by others. 

§ 825. Toxic Effects of Silver Nitrate in Man— (1 ) Acute Poison- 
ing.— Tliis is very rare. Oriila relates an attempt at suicide ; but most 
of the cases have been accidental, and of these, in recent times, about 
five are recorded, mostly children. The accident is usually due to the 
application of the solid nitrate to the throat, as an escharotic, the 
stick breaking or becoming detached, and being immediately swallowed ; 
such an accident is related by Scattergood.* A piece of silver nitrate 
f inch long, slipped down the throat of a child, aged fifteen months — 
vomiting immediately occurred, followed by convulsions and diarrhcea ; 
chloride of sodium was administered, but the child died in six hours. In 
other cases paralysis and an unconscious state has been observed. 

(2) Chronic Poisoning. — Salts of silver taken for a long period cause 
a peculiar and indelible colour of the skin. The body becomes of a greyish- 
blue to black colour; it begins first around the nails and fingers, then 
patches of a similar hue appear in different parts of the body, and 
gradually coalesce, being most marked in those parts exposed to the light. 
The colour is not confined to the outer skin, but is also seen in the 
mucous membranes. There is also a slight inflammation of the gums, 
and a violet Hue around their edge. Ginpon observed this line after two 
mouths’ treatment of a patient by silver nitrate ; the whole quantity taken 
being 3‘9 grins, (about 60 grains). The peculiar colour of the skin is 
only seen after large doses ; after 8 grms. taken in divided doses Chaillon 
could not observe any change, but after 15 grms. had been taken it was 
evident. So also Riemer has recorded a ease, in which, after a year’s use 
of silver nitrate (total quantity 17'4 grms-), a greyish-black oolour of the 
face was produced, and, when nearly double the quantity had been taken, 
the colour had invaded the whole body. 

§ 826. Post-mortem Appearances. — In the acute case recorded by 
Scattergood, the mucous membraues of the gullet, of the great curva- 
ture of the stomach, and parts of the duodenum and jejunum were 
eroded, and particles of curd-like silva' chloride adhered to the mucous 
membrane. 

In the case recorded by Riemer of the long-continued use of silver 
nitrate, the serous and mucous membranes were coloured dark ; the 
choroid plexus was of a blue-black ; the endocardium, the valves of the 
heart, and the aorta’ pale to dark grey, as well as the rest of the vessels ; 

* Brit . Med, Jou.ru ,, May 1871. 
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tlnr colouring was con fine* 1 to the intima. The liver and k if n-v .jcn 
showed similar pigmentation. The pigment (probably metallic *i] v *ri 
was in the form of very tine grains, and, as regards tin- skin, was ;ltt! 
under the rete ilalpighia in the upper layer of the eorium. uitd ,d, , u. 
the deeper eumxrctivc tissue and iu the sweat glands. Lu.avilh } Kl > 
also funnel thu kidneys of a woman similarly pigmented, vvlia tv >k >.;l ur 
nitrate daily for '270 days, in all about 1 grms., five years herWc- her 
death, 

§S27. Detection and Estimation of Silver.— The examiimth <a 
the solid salts of silver usually met with (viz., the nitrate, bromide, 
iodide, cyanide, and chloride) is most speedy by the dry un-thi-i i,u 
charcoal; in this way in less than 120 seconds any practical chr sni>: 
conlvl identify each compound. The nitrate, bromide, iodide, and 
cyanide, all, if ignited ou charcoal, yield buttons of metallic silver— 
deflagration, bromine vapours, iodine vapours, and cyanogen van,, .irs 
beiug the respective phenomena observed. Chloride uf silver iusci to a 
pearl-grey, brown, or black globule on charcoal, according to it* pur; tv ; 
but is only in the E.F. gradually reduced to metal. With soda, or fused 
in livdrogen or coal gas, the reduction is rapid enough. 

Nitrate of Silver in solution might be identified by a verv Urge 
number of tests, since it forms so many insoluble salts. In practice one 
is, however, satisfied with three tests, vis.; (1) A curdy precipitate >.>> 
chloride, on the -addition of hydrochloric acid or alkaline chlorides, soluble 
ouly in ammonia, cyanide of potassium, or hyposulphite i>f soda ; <2i a 
yellow precipitate, but little soluble in ammonia, on the addition of 
iodide of potassium; and (3) a blood-red precipitate ou the addition of 
chromate of potash, 

The separation of silver from the contents of the stomach i> best 
ensured by treating it with cyanide of potassium ; fur, unless .1 very 
large quantity of silver nitrate has been taken, it is tolerably certain 
that the whole of it lias passed into chloride, and will, therefore-, not be 
attacked easily by acids, The contents of the stomach, then, or tin- 
tissues themselves, are placed in a flask and wiu-med for some time with 
cyanide of potassium, first, if necessary, adding ammonia. The fluid is 
separated from the solid matters by subsidence (for an alkaline fluid of 
this kind will scarcely filter), and that decomposed by hydrochloric acid 
in excess. The flask containing this fluid is put on one side iu a warm 
place, and the clear fluid decanted from the insoluble chloride. Tin- 
latter is now collected on a filter, well washed with hot water, and then 
dried and reduced ou charcoal ; or it may be put in a little porcelain 
crucible with a rod of zinc and a few drops of hydrochloric acid. Tin* 
silver is soon deposited, and must be washed with water, then with 
sulphuric acid, By the aid of a wash- bottle the particles of silver arc- 
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now collected on a small filter, again washed, and on the moist mass a 
crystal of nitrate of potash and a little carbonate of soda laid. The 
whole is then dried, and all the filter cut away, save the small portion 
containing the silver. This small portion is now heated on charcoal 
nntil a little button of pure silver is obtained, which may first be 
weighed, then dissolved in nitric acid, and tested by the methods 
detailed. 

In a similar way hair, suspected of being dyed with silver, can he 
treated with chlorine gas, and the chloride dissolved in potassic cyanide. 

Spots on linen, and, generally, very small quantities of silver, may 
be detected by a simple galvanic process : — The substance is treated 
with solution of cyanide of potassium, and submitted to a weak galvanic 
current, using for the negative plate a slip of copper', for the positive, 
platinum ; the silver is deposited on the former. 

5. MERCURY. 

§ 828. Mercury, Hg — 200; specific gravity, 1 3 596 ; boiling-point, 
350° (662° P.) ; it becomes solid at - 39‘4 ( - 39 F.). This well-known 
arid familiar fluid metal evaporates and sublimes to a minute extent at 
all temperatures above 5°. 

When precipitated or deposited in a finely divided state, the metal 
can be united into a single globule only if it is fairly pure ; very slight 
fatty impurities especially will prevent the union. It is insoluble in 
hydrochloric acid, soluble to a slight extent in dilute cold sulphuric 
acid, and completely soluble in concentrated sulphuric and in nitric 
acids. It combines directly with chlorine, bromine, and iodine, which 
in presence of free alkali, readily dissolve it, It is unalterable at 100°, 
and, when exposed to a high temperature, sublimes unchanged. 

Mercurous Chloride (Calomel, HgCl = 235-5; specific gravity, 
7' 178 ; sublimiug temperature, Ill'6°; Hg, 84'94 per cent., Cl, 15'06 
pier cent.), when prepared in the wet way is a heavy white powder, 
absolutely insoluble in cold, but decomposed by boiling water. It may 
be converted into the mercuric chloride by chlorine water and aqua 
regia. Chloride of ammonium, potassium, and sodium, all decompose 
calomel into metallic mercury and mercuric chloride. It is easily 
reduced to metal iu a tube with soda, potash, or burnt magnesia. 

§ 829. Sulphide of Mercury (HgS, Hg, 86 '21 per cent., S, 13'79 per 
cent.) is a black powder, dissolving in nitro muriatic acid, but very in- 
soluble in other acids or in water. It is insoluble in alkaline sulphides, 
with the exception of potassic sulphide, 

§ 830. Medicinal Preparations of Mercury, — Mercury in the liquid 
state has been occasionally administered in constipation ; its internal 
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use is now (or ought to be) obsolete. Gmel in has found samples eon* 
ta urinated with metallic bismuth — a metal which only slightly diminishes 
the fluidity of mercury ; the impurity may be detected by slmkii;*; the 
mercury in ail', and thus oxidising the bismuth. Mercury ntav nlso 
contain various mechanical imparities, which are deterred by iMrciji-r 
the metal by means of a vacuum pnrup through any dense rikeriim 
substance Tin and zinc maybe dissolved out by hydroehloriv acid, -uni 
all feed hnpuvities (such as lead and bismuth) are at once discovered 
on sublimiug the metal. 

Mercury and Chalk (Hydrargyrum cum creta).— Mercury, 33 - 3 ;; 
per cent. ; chalk, 66 "6 7. 

Blue Pill (Pilula hydrargyri). — Mercury in a finely divided *T,,:e 
misled with confection of roses and liquorice root ; the mercury should 
be in the proportion of 33 33 per cent"' 

Mercury Plaster (Emplastrum hydrargyri), —Made with merer, rv, 
olive oil, sulphur, and lead plaster; it should contain Hg 33 per cent., 
sulphur 13 per cent. 

Ammoniac and Mercury Plaster (Emplastrum aminoniaci cum 
hydrargyro), — Gum, ammonia, mercury, olive oil, and sulphur: it 
should contain 20 per cent, of Hg, and '1 per cent, of sulphur. 

Mercurial Ointment (TJuguentum hydrargyri), — Mercury* mixed 
with lard and suet ; the strength should be nearly 50 pier cent, mercury 
— commercial samples often contain as little as 38 per cent. 

Compound Mercury Ointment (TJngnentum hydrargyri compost 
turn). — Made with ointment of mercury, yellow wax, olive nil. and 
camphor; it should contain 22-2 per cent, Hg. 

Liniment of Mercury (Linimentum hydrargyri) is made of 
mercurial ointment, solution of ammonia, and liniment of camphor : it 
contains about 16J- per cent, of mercury. 

Mercurial Suppositories (Suppositoria hydrargyri), — Composed of 


* The chemical composition of blue pill varies according to its age. Ha.-cr'i 
Senior lias made a careful series of analysis, with the following result :Pin.ir..:. 
Jo art 1 ,, Feb, it, 1S76) : — 
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ointment of mercury and oil of theobroma, Each suppository should 
weigh. 1 5 grains and contain J of its weight of mercurial ointment. 

Acetate of Mercury (Mercurous acetate) is not contained in the 
B.P., but is officinal on. the Continent. It is a salt occurring in white 
micaceous scales, soluble in 133 parts of cold water, giving the reactions 
of acetic acid and mercury, and very readily decomposed. 

Mercuric Ethyl Chloride (Hydrargyrum sethylo-chloratum) is used 
as a medicine on the Continent. It occurs in white, glittering, crystal* 
line scales, which take on pressure a metallic appearance, and possess a 
peculiar ethereal odour; it is but little soluble in water aad ether, with 
difficulty in cold alcohol, but copiously soluble on boiling, and depositing 
crystals on cooling. It sublimes at about 40° without residue ; on 
quick heating it burns with a weak flame, developing a vapour of 
metallic taste and unpleasant odour. It gives no precipitate with silver 
nitrate nor with albumen. 

Corrosive Sublimate (Mercuric chloride), HgCl 2 = 271 ; Ilg, 73 '8 
per cent. ; Cl, 26'2 per cent. — In commerce this salt occurs in trans* 
parent, heavy, colourless masses, which have a crystalline fracture; if 
placed in the subliming cell described at p. 260, it sublimes at about 
82'2° (180° F.), and melts at higher temperatures. The sublimate is 
generally in groups of plates drawn to a point at both ends, in crystalline 
needles, or in octahedra with a rectangular base. It dissolves in 16 
parts of cold water and about 3 of boiliug, and is very soluble in 
solutions of the alkaline chlorides ; 100 parts of carbon disulphide 
dissolve ‘031 at 8° ; '055 at 25°, One part of sublimate dissolves in 
14 parts of glycerin. Acetic ether, methylal, and benzene all dissolve 
to some extent corrosive sublimate ; it dissolves also in ether, and can 
be, to a great extent, withdrawn from aqueous solutions by this agent. 
Alcohol dissolves nearly one*third its weight of the salts and its own 
weight when boiliug, It combines with albumen; gives, in solution, a 
preeipitate of mercuric oxide when tested with solution of potash, a 
white precipitate with ammonia, a scarlet with iodide of potassium, 
and a black precipitate of finely divided mercury with protochloride of 
tin. If a crystal (when placed in the subliming cell) gives a crystalline 
sublimate at about the temperature mentioned, and this sublimate 
becomes of a red colour when treated with a droplet of iodide of 
pot&ssiu rn, it can be no other substance than corrosive sublimate. 

Solution of Perchloride of Mercury (Liquor hydrargyri per* 
chloridi) is simply 10 grains of perchloride of meicuiy and chloride of 
ammonium in a pint of water; 100 c.c. therefore should contain 144 
mgrrns corrosive sublimate. 

Yellow Mercurial Lotion (Lotio hydrargyri flava). — Perchloride 
of mercury, 18 grains, mixed with 10 ounces of solution of lime. 
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Calomel * (Hyirargyri subcHoridum), — The properties 01 eaL.ju.-l 
have been already described. It sometimes contains as an impiiritv 
corrosive sublimate, which may lie dissolver! out by ether. Curb tit to 
nf load, Sulphate, and carbonate of baryta, gum, and starch, arc rV )e 
usual adulterants mentioned. If on the application of heat oa! r u«cl 
entirely sublimes, it must be free from the substances enimienuv ]. 

Oleate of Mercury (Hydrargyri oleatum) is composed cu ] . vtrt 
yellow oxide and 9 parts of oleic acid. 

Black Mercurial lotion (Lotio hydrargyri nigral Cato; ml 

grains, mixed with 10 fluid ounces of lime-water. 

Compound Pill of Subchloride of Mercury. — Calomel and »iii:,hur* 
ated antimony, each 1 ounce, guaiac resin 2 ounces, castor-oil 1 rinid ,. iljr 
Gun grain (-Otild gnu.) of calomel, and the same quantity of nniiiaoijV 
sulphide, are contained in every 5 grains (321 mgrms.) of the pill ra.i^-s 
i,t>. caloaicd 20 pier cent. 

Ointment of Subchloride of Mercury (Unguentum lrydrargvri 
subcliloricli). — Calomel mixed with bemoated bird; strength a)>.<ut 
1 : 0.1 

White Precipitate (Hydrargyrum axumoniatum, NH.dlgO 
white, heavy powder, subliming by heat without residue, and insoluble 
in water, alcohol, anil ether. With soda, it yields a metallic sul UaioTc. 
When lioiled with potash, ammouia is evolved, the yellow oxide of 
mercury formed, and chloride of potassium passes into sol tutor!. It 
should contain 7 9 ‘ 0 pier cent, of mercury, 

'fhe fusible white precipitate of the pharruacopo.ua of the M ether- 
lauds does uot appear to be of constant composition, varying between 
*19 4: to 65 '6 per ceut. of mercury. t It melts on heating, and leaves as 
a residue chloride of sodium. 

Commercial white precipitate is frequently adulterated ; Barnes lias 
found carbonates of lead and lime, die latter to the extent of nearly 2 per 
cent.J Calomel, according to Nickles,§ has been substituted for white 
pirecipitate, but this was several years ago. The methods for detection 
are obvious. 

Ointment of Ainmoniated Mercury (Unguentum hydrargyri am- 
moniati). — 1 part of ammoniated mercury mixed with 9 parts of shupile 
oint ment. 

Red Iodide of Mercury (Hydrargyrum iodidum rubrum, Hgh.i. — 
A. crystallhie powder of a scarlet colour, becoming yellow on gentle 

* It would appear that in America a cosmetic is m use, consisting of ca'ome'. 
mixed into a paste with water. — Vide “ A Dangerous Cosmetic,” by C. H. Pk-*»e, 
Analyst (‘25), 1878, p, 241, 

t Hirsch, Die leafing dee Arsemimittcl, 

+ Proceed. Brit. JPhtirm.. Gonf, 1857, p, 10, 

§ J Min. Phina. d Ckiui., leSerie, 185S, vol. viij. p, 809. 
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heating. It is sparingly soluble in water, one part requiring from 6000 
to 7000 parts; soluble in 130 parts of cold, 150 of hot alcohol ; and 
dissolving freely in ether, or in aqueous solution of iodide of potassium. 

Ointment of Red Iodide of Mercury (Uhguentum hydrargyri iodidi 
rubri), — 16 grains of the substance mixed with an ounce of simple 
ointment 

Green Iodide of Mercury (Hydrargyri iodidum viride, Hgl).— A 
dingy, greenish-yellow powder, darkening on exposure to light, and 
easily transformed by heat into the red iodide. 

Red Oxide of Mercury (Hydrargyri oxidum rubrum), HgO= 216 ; 
Hg, 92' 12 per cent. ; specific gravity, 11 to 11 '3; small, ted, shining, 
crystalline scales, slightly soluble in water, requiring about 20,000 parts ; 
entirely soluble hr hydrochloric acid. By a heat below reduess it may 
be volatilised, and at the same time decomposed into mercury and 
oxygen. Its principal impurity is nitric acid, readily detected by the 
usual tests, or by heating in a test-tube, when, if nitric acid is present^ 
orange vapours will be evolved. Fixed red powders (such as brick-dust 
and minium) are detected by being left as a residue, after the application 
of heat sufficient to volatilise the mercury. An ointment (strength 1 : 8) 
is officinal, 

Sulphate of Mercury. — A white crystalline powder, converted by 
water' into the very slightly soluble basic salt of mercury, known as 
TurUth minei'al, lIgS0 4: 2Hg0 

Turbith, or Turpeth, Mineral is contained in the Prarch pharma- 
copoeia, HgSO^HgO ; Hg, 82‘4 per cent.; specific gravity, 8'319. It 
requires for solution 2000 parts of cold and 600 of boiling water, but 
dissolves with tolerable ease in hydrochloric acid. 

The Sulphide of Mercury, known in commerce under the name of 
LVdoj is mineral , is officinal in France, the .Netherlands, and Germany. 
Its properties have been already described, The German and Dutch 
pliar niacopceias require in it 50, the French only 33-,)' per cent, of 
metallic, mercury. 

Hahneman's Soluble Mercury (Hydrargyrum solubile Hahnemanni) 
is officinal in the Dutch pharmacopoeia. As found in commerce it con- 
tains metallic mercury, nitric acid, and ammonia. The mercury should 
be hr the proportion of 86'33 per cent , tire ammonia 2 -44 per cent. 

Crystallised Nitrate of Mercury (Hydrargyrum nitrieuxn oxidn- 
latum) \s officinal in the pharmacopoeias of Germany, Switzerland, and 
France. The salt is in white crystals, giving the reactions of nitric acid 
and mercury, decomposed by the addition of water, but fully soluble in 
water, if first moistened with nitric add. The formula of the neutral 
salt is Hg2N0 s Hg02H 2 0, which requires 69 '4 per cent, of mercury. 
An acid solution of mercuric nitrate is officinal. 
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A.u Ointment of Uitrate of Mercury (Unguentum hydrargvri 
nitratis)— often called citriue ointment — is contained in the B.l\ . ^ ; e 
made with 4 parts of mercury, nitric acid 12, lard 15, olive oil, 32 
strength is about 1 in 154. 

1 Chloride of Mercury and Q uinin e exists in commerce, pntuxcnd 
bv mixing 1 part of corrosive sublimate in solution with three purts i f 
qttiniiie chloride, evaporating, and crystallising. 

Cyanide of Mercury, HgCy, is contained in the French pharma- 
copcuia. It occurs in small, colourless, prismatic crystals, easilv s ,,t u y 
in water. If to the solution chloride of tin be added, a black proch rt:,te 
of reduced metal and stannous ovule is thrown down, and the <>i ,, r;r c ,r 
prussic acid is developed 

Mercuric Sulphide (Sulphide of Mercury, Cinnabar, Vermilion i i, 
otticiual in Germany, the Netherlands, and France ; HgS = 232 ; s-itvith- 
gravity, solid, S‘2; Hg, S6'21 percent., 0, 13'79 percent. For medicinal 
purposes it is made artificially. It is a beautiful red powder insoluble in 
all alkaline and all acid liquids, with the exception of aqua regia. The 
solution gives the reactions of a sulphide and mercury. On heat ins;, il 
must burn away entirely without residue; adulterations or irapjjritic* 
are— minium, lead, copper, and other metals. The detection of minima 
is conveniently executed in the dry way. Pure cinnabar, win-n heated 
in a matrass, gives a black sublimate, which becomes rod on friction. 
If minium is present, sulphide of lead remains us a residue, and may he 
recognised on coal; the same remark applies to sulphide of antimony, 
If it he desired to hike the percentage of mercury in cinnabar, equal 
parts of oxalate and cyanide of potassium shuuld be well mixed with 
the ciunabar, and heated in the bent tube described at p, 6rd : Ly tills 
mcaus the whole of the metallic mercury is readily obtained.* 

iS 831, Mercury in the Arts, — The use of mercury in the art* is »> 
extensive, that any one in analytical practice is almost certain nora»k-u- 
ally to meet with cases of accidental poisoning, either from tin- vapour t 
oi' some of its combinations, 

Quicksilver is used in the extraction of gold, the silvering of mirrors, 
the construction of barometers and various scientific instruments and 


* Dr, Sutro lias published a case (quoted by Taylor), in whieli tl:c vapour ,.f 
vermilion, applied externally, pi-oduced poisonous symptoms: yet, aCiv.rdn.'sr t..- 
Pdalc, tlie Persians inhale it medicinally, smoking it with tobacco, eater-bu. ai'aib 
iage, etc., the only bad effect being an occasional stomatitis, — Eulenberc, O-.-e-l-: 
Hygiene, p. Til, 

t A singular ease is cited by Tardies {Etude m6d.-legal sur ), 

in which a man, supposing lie had some minerals containing gold, attempted the 
extinction by amalgamation with mercury, He used a portable furnace .for the 
purpose of volatilising the mercury) in a small room, and his wife, who assisted him, 
suffered from a very well-marked stomatitis and mercurial a-uption. 
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appliances ; also for the preservation of insects, and. occasionally for their 
destruction.* Au alloy with zinc and cadmium is employed by dentists 
for stoppiug' teeth; but there is no evidence that it has been at all 
injurious, the mercury, probably, being in too powerful a state of com- 
bination to be attacked by the fluids in the mouth, f Cinnabar has 
also been employed to give a red colour to confections, and it may be 
found in tapers, cigarette papers, and other coloured articles. The 
nitrate of mercury in solution finds application in the colour ing of horn, 
in tiie etching of metals, in the colouring of the finer sorts of wool, and 
in the hat manufacture. 

The sulphocyanide of mercury gives, when burnt, a most abundant 
ash, a fact utilised in the toy known as Plraraoh’s serpent ; the products 
of combustion are mercurial vapours and snlphurons anhydride. That 
the substance itself is poisonous is evident from the following experi- 
ment : — ‘5 grm. was given to a pigeon without immediate result ; but 
ten hours afterwards it was indisposed, refused its food, and in forty 
hours died without convulsions,! 

§ 832. The more Common Patent and Quack Medicines 
containing Mercury. 

Mordants Norton’s Drops, — This patent medicine is a mixture of the tincture 
of geutian and ginger, holding in solution a little bichloride of mercury, and coloured 
with cochineal. 

Solomon’s Antt-impetiginee is a solution of bichloride of mercury, flavoured 
and coloured. 

Poor Man’s Friend. — Au ointment of nitrate of mercury, 

Brown’s Lozenges, — Each lozenge contains gram of calomel, and 3^- grains of 
resinous extract of jalap the rest is white sugar and tragaeantli. 

Chiug's Worm Lozenges, — Each 1 ozenge contains 1 grain of calomel ; the rest 
white sugar and tragacanth, with saffron as a colouring matter. 

Storey’s Worm Cakes,— Each cake cm tains 2 'grains of calomel, 2 graius of 
dnnabar, 6 grains of jalap, 5 grains of ginger, and the remainder sugar' and water. 

Wright’s Pearl Ointment is said to be.made up of 8 ozs, of white precipitate 
rubbed to a cream in 1 pint of Goulard’s extract, and to the mixture is added 7 lbs. 
c£ white wax and 10 lbs, of olive oil, 

Keyser’s Pills, — The receipt for these pills is — red oxide of mercury 1J oz., dis- 
tilled vinegar (dilute acetic acid) 1 pint ; dissolve, add to the resulting solution 
manna 2 lbs., and triturate for a long time before the fire until a proper consistence 
is attaiued ; lastly, divide the mass into pills of 1 J grain each. 

Mitchell’s Pills,— Each pill contains aloes '8 grain, rhubarb 1 '6 grain, calomel 
16 grain, tartar emetie '05 grain. 

Many Antibilious Pills will be found to contain calomel, a few mercury in a 
finely divided state, 


* Forty-three persons were salivated from fumigating rooms with mercury for the 
purpose of destroying bugs (Sonnenschein’s Handbuch , p. 96). 

1' More danger is to be apprehaided from the vulcanised rubber for artificial 
teeth; and, according to Dr, Taylor, accidents have occurred from the use of such 
supports or plates, + Eulenberg, 0 $, cil . , p, 472. 
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§ S33. Mercury in. Veterinary Medicine. — Farmers and farrier* 
use the ointment (blue ointment) to a dangerons extent, as a dressing 
for the fly, and wholesale poisoning of sheep has been in several 
instances the consequence.* Ethiops mineral and Turpeth mineral art- 
given to dogs when affected by the distemper, worms, or the 
mange. Mercury, however, is not very frequently given to cattle by 
veterinary surgeons, ruminants generally appearing rather susceptible 
to its poisonous effects. 

s- S34. Medicinal and Fatal Dose — Horses. — Cinnabar 14*2 tjnns. 
(loz, ), calomel 14'2 grms. (£ oz.) or more, corrosive sublimate 'Id to 
•38 grm. (2 to 6 grains), and as much as 1 3 grm. (20 grains) have boon 
given in furcy. 

Cattle. — Mercury with chalk 3‘8 to 11 '6 grms. (1 to 3 tlrnn.i, 
calomel 3 S to 7 7 grins. (1 to 2 drms.) for worms ; '65 to 1'3 gnu. < 10 
to 20 grains) as an alterative ; Ethiops mineral, 7'7 to 15'3 grms. (? to 
4 drnts.). 

Dogs. — Ethiops or Turpeth mineral T3 to 1'3 grm. (2 to 20 grains), 
according to the size. 

Fowls. — Mercury and chalk are given in fractions of a grain. 

Hogs are also treated with mercury and chalk; the dose usually 
given does not exceed ‘32 griu. (5 grains). 

It may be remarked that many of the doses quoted appear very 
large; the writers cannot but consider that 20 grams of corrosive sub. 
lunate administered to a horse would be more likely to hill the animal 
than to cure the disease. 

Man. — Corrosive sublimate has been fatal in a dose so small 
as '19 grm. (3 grains); white precipitate has caused dangerous 
symptoms in doses of from 1'9 to 2'6 grm. (30 to 40 qrainsi : the 
cyanide of mercury has killed a person in a dose of '64 grin. (10 
grains) — Ohristuon ; and Turpeth mineral lias proved fatal in doses 
of 2'6 grms, (40 grains), 

Other preparations of mercury have also been fatal, hut a doubt has 
existed as to the precise quantity. Sometimes, also, there' is probably a 
chemical change in the substance, so that it is impossible to state 1 in* 
fatal dose. For example, it is well known that calomel, under the in* 
flnence of alkaline chlorides, can be converted iuto the bichloride — a 
fact which probably explains the extensive corrosive lesions that have 
been found after death from large doses of calomel. 

§835. Poisoning by Mercury — Statistics.— In the Registrar* 
General’s death returns for the tai years ending 1903, it appears that 

* Twentj'*tive toas of blue ointment are said to have been sold to farmers by a 
druggist in Boston, Lincolnshire, in the course of a single year. —Taylor a Medic-! 
Jurisprudence, vol, i. p, 279. 
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in England the deaths from mercurial poisoning* were 62 males, 
35 females ; of these, 48 males and 18 females were cases of suicide, 
the remainder were referred to accident. 

§ 836. (1) Effects of Mercurial Vapour, and of the Non-Corrosive 
Compounds of Mercury. 

Tire effects of the different compounds of mercury may be divided 
into two groups, viz. : (1) Those caused by the finely divided metal and 
the non-corrosive compounds ; (2) the effects caused by the corrosive 
compounds. 

(a) Vegetable Life. — Priestley and Boussingault have shown that 
plants under a glass shade in which mercury is exposed in a satrcer, 
first exhibit black spots on the leaves ; ultimately, the latter blacken 
entirely, and the plants die. 

( 1 ) ) Animal Life, — Mercury in the form of vapour is fatal to animal 
life, but it is only so by repeated and intense application. Enleuberg f 
placed a rabbit under a large glass shade, and for four days exposed it 
daily for two hours to the volatilisation of 2 grms. of mercury on warm 
sand ; on the sixth and seventh day 1'5 grm. was volatilised. On the 
fifteenth day there was no apparent change in the aspect of the animal ; 
5 grms. of mercury were then heated in a retott, and the vapour blown 
in at intervals of ten minutes. Fourteen days afterwards the gimrs 
were reddened and swollen, and the appetite lost ; the conjunctiva 1 , 
were also somewhat inflamed. The following day these symptoms 
disappeared, and the animal remained well. 

In another experiment 20 grms. of mercury were volatilised, and a 
rabbit exposed to the vapour under a small glass shade. The followiug 
day the conjunctiva! were moist and reddened; two days afterwards 10 
grms. of mercury were volatilised in the same way; and iu two days’ 
interval other 10 grms. were volatilised in three-quarters of an hour. 
There was no striking change noticeable in the condition of the animal, 
but within forty-eight hours it was found dead. The cause of death 
proved to be an extravasation of blood at the base of the brain. The 
bronchia were reddened throughout and the lungs congested. Mercury, 
as with man, is also readily absorbed by the broke 11 or unbroken skin ; 
hence thousands of sheep have been poisoned by the excessive and 
ignorant external application of mercurial ointment as a remedy against 
the attacks of parasites. The sheep become emaciated, refuse food, and 
seem to be in pain, breathing with short quick gasps. 

I 11 experiments on rabbits, dogs, and warm-blooded animals generally, 

* The deaths are registered under the term "Mercury ,” but the majority :ire 
poisonings by “Corrosive Sublimate.’’ 

t Op. at ., p. 728, 
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salivation and stomatitis are found to occur as regularly as in man : <0 
also in animals and tmn, paralytic and other nervous affections have 
been recorded 

§ 837. ( c ) Effects on Man. — In 1810'*' an extraordinary accident 
produced, perhaps, the largest wholesale poisoning by mercurial v.,;.- ;T 
on record. The account of this is as follows: — H.M.§. Trim. i ,,f 
seventy .four guns, arrived in the harbour of Cadiz hi the rintmth of 
February 1810 ; and in the following March, a Spanish vessel, 
with mercury for the South Americim mines, having heen driven ( , v 
shore in a gale, was wrecked. The Triionph saved by her t;,vi 

tons of the mercury, and this was stowed on board. The au-reurv 
was first eontiued in bladders, the bladders again were enclosed j ri ,.,..,’1 
barrels, and the barrels in boxes. The heat of the weather, however 
was at this time considerable ; and the bladders, having been wotted 
in the removal from die wreck, soon rotted, and merer, rv, ; v , r ] e 
amount of several tons, was speaiily diffusa! us vapour ttircu^i, >j l0 
sliip, mixing more or less with the bread and the other provision*. In 
three weeks 200 men were affected with ptyalism, ulceration of the 
month, partial paralysis, aud, in many instances, with diarrhea, Tin- 
Triuwjth was now ordered to Gibraltar, the provisions were removed, 
aud efforts were made to cleanse the vessel. On rest 0 wine the In >11. 
every man so employed was salivated, The effects noted ware «. t 
confined to the officers and ship’s eompwy, for almost all the stock died 
from the fumes— mice, cats, a dog, and even a canary bird shard the 
same fate, though the food of the latter w,os kept in a bottle close] v 
corked up The vapour was very deleterious to those ha vine ,,uv 
teidency to pulmonic affections, Three men, who had never complained 
before they were saturated with mercury, died of phthisis : one. who 
had not had any pulmonic complaint, was left behind at Gibraltar, 
where his illness developed into a confirmed phthisis. Two died, from 
gangrene of the cheeks and tongue A woman, confined to bed with a 
fractured limb, lost two of her teeth;, and many exfoliations of the 
jaw took place. 

Accidents from the vapour of mercury, quite independently of it> 
applications in the arts, have also occurred, some of them under curious 
drewmstauees ; such, for example, is the case mentioned in the footnote 
to p. 667. Witness, again, a case mentioned by Seidel, f in which n 
female, on the advice of an old woman, inhaled for some affection or 
other 2‘5 gnus, of mercury poured on red-hot coals, and died in ten 
days with all the symptoms of mercurial poisoning. 

* ' * An Account of the Effect of Mercurial Vapouis on the Crew of His 
Ship Triumph, in the. year 1810.” — Phil. Trans., 113, 1823. 

f Masolilta’s isTiuidbach. Bd, ii. 295. 
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The metal taken in bulk into the stomach has been considered non- 
poisonous, and, probably, when perfectly pure, it is so ; we have, 
however, the case of a girl who swallowed 4J ozs. by weight of the 
liquid metal, for the purpose of procuring abortion— this it did not 
effect; but, in a few days, she suffered from a trembling and shaking 
of the body and loss of muscular power. These symptoms continued 
for two months, but there was no salivation and no blue marks on the 
gums. This case is a rare one, and a pound or more has been taken 
without injury. 

§ 838. Absorption of Mercury by the Skin. — Mercury in a finely 
divided form, rubbed into the skin, is absorbed, and all the effects of 
mercurialism result. This method of administering mercury for medi- 
cinal purposes has long been in use, but, when the inunction is excessive, 
death may occur. Thus, Leiblinger records a case in which three persons 
were found dead in bed ; the day before they had rubbed into the body, 
for the purpose of curing the itch, a salve containing 270 grms. of 
mercury finely divided. 

It is difficult to say in what proportion workers in mercury, such as 
water-gilders, etc., suffer. According to Hirt, not only do 1'5 to 
2T per cent, of the workmen employed in smelting mercury ores 
suffer acutely, but as high a proportion as 8'7 per cent, are slightly 
affected, 

§ 839. Symptoms of Poisoning by Mercury Vapour, — Tbe symp- 
toms of poisoning by mercury vapour, or by the finely divided metal, are 
the same as those which arise from the corrosive salts, with the exception 
of the local action, In mild cases there is pallor, languor, and sore mouth 
(from slightly inflamed gums), fcetdd breath, and disorder of the diges- 
tive organs. If the action is more intense, there is an inflammation of 
the glims and, indeed, of the whole moutb, and salivation, which is 
sometimes so profuse that as much as two gallons of saliva have been 
secreted daily, The saliva is alkaline, has a bad odour, and its specific 
gravity in the early stages is increased, hut ultimately becomes normal ; 
the gums are raised into slight swellings, which gradually enlarge mid 
coalesce. The teeth that are already carious decay more rapidly ; they 
become loose, aud some may he shed ; the inflammatory action may 
extend to the jaw, and necrosis of portions of the bone is no unusual 
occurrence. O 11 recovery the cheeks sometimes form adhesions with the 
gums, and cicatrices always mark the loss of substance which such au 
affection entails With the stomatitis there are disturbances of the 
gastro-intestinal tract — nausea and vomiting, pain in the stomach, and 
diarrhoea alternating with constipation. Conjunctivitis is very common, 
both in man and animals, from exposure to mercury vapours. Hie 
further action of the metal is shown in its profound effects on the 
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nervous system. The patient is changed in his disposition, h e i s ov cit- 
able, nervous, or torpid; there are sleeplessness and had dreams, at tin' 
same time headache, noises in the ears, giddiness, fainting?, etc. 

$ 840. Mercurial Tremor, — Mercurial tremor* may follow, ,-, r a „ 
company the above state, or it may be the chief and most prominent 
effect. It specially affects tlie arms, partly withdrawn^ the mu-ci 
from the control of the will, so that a person affected with uwrvuri-il 
tremor is incapacitated for following any occupation, especially thn~e 
requiring a delicate and steady touch. In cases seriously affected. the 
tremor spreads gradually to the feet and legs, and finally the whole 
body may be invaded. The patient is no longer master of his muscles 
— the muscular system is in anarchy, each muscle aimlessly eontr.u tin - 
aud relaxing independently of the rest — the movement of the lees 
becomes uncertain, the speech stuttering, the facial expression? are 
even distorted into grimaces, aud the sufferer sinks into a pite».>n> >tate 
of helplessness. The convulsive movements generally cease Jurinj 
sleep. The tremors are accompanied by interference with the functions 
of other organs : the respiration is weakened and difficult 1 dyspnoea, or 
an asthmatic condition, results ; the pulse is small and slow • pared#, 
deepening into paralysis of the extremities, or of a gronp of muscles, 
follows; and, lastly, if the condition is not alleviated, the patient 
lte conies much emaciated and sinks from exhaustion. Pregnant women 
are liable to abortion, and the living infants of women suffering from 
tremor hive also exhibited tremor of the limbs. 

In the case of the "mass poisoning” on board the Tniaiif-l, it 
has been mentioned that several of the sailors became consumptive, aiui 
the same effect lias been noticed among all workers in the metal ; it is 
now, indeed, an accepted fact that the cachexia induced by mercurial- 
ismus produces a weak habit of body specially liable to the tnbercnlmi.i 
infection, 

The course of the poisoning is generally more rapid when ir has 
resulted from tlie taking of mercury internally as a medicine than when 
inhaled by workers in the metal, e.g. a patient suffering from mercurial 
tremor shown to the Medical Society by Mr. Spencer \Tatson in 1S7'?. 
had resisted for seven years tlie influence of the fumes of mercury ; and 
then succumbed, exhibiting the usual symptoms. Idiosyncrasy plays a 


* A case of mercurial tremor (in Serieht. des JT. if, allgen. Srentkciikniite* tu 
IVicn iuijahre IS 72, “Wien, 1873) is interesting, as showing the inflneuve rd* preg- 
nancy, A woman, twenty years of age, employed in making barometer#, bad. in 
1S09, mercurial tremor and salivation. During a three months' pregnancy the 
tremor ceased, but again appeared after she had aborted. She again became- preg- 
nant, and the tremor oeased until after her confinement in November 1871. The 
tremor Was so violent that tlie patient could not walk ; she also had stomatitis ; but 
ultimately, by treatment with galvanism and other remedies, she recovered. 

+3 
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considerable rule ; some persons (and especially those whose kidneys are 
diseased) bear small doses of mercury ill, and are readily salivated or 
affected ; this is evidently due to imperfect elimination. 

§ 841. Mercuric Methide, Hg(CH 3 ) 2 . — This compound is obtained 
by the action of methyl iodide on sodium amalgam in the presence of 
acetic ether. It is a dense, stable liquid, of highly poisonous properties, 
hn 1865, mercuric methide, in course of preparation ia a London 
laboratory, caused two cases of very serious slow poisoning.* One was 
that of a German, aged 30, who was engaged in preparing this com- 
pound for three months, and during this time his sight and hearing 
became impaired ; he was very weak, his gums were sore, and he was 
ultimately admitted into St, Bartholomew’s Hospital, February 3rd, 
1865. His urine was found to be albuminous, and his mental faculties 
very torpid. On the 9th he became noisy, and had to be put under 
mechanical restraint. On the 10th he was semi-comatose, but there 
was no paralysis ; his breath was very offensive, his pupils dilated ; at 
intervals he raised himself and uttered incoherent howls. There was 
neither sensation nor motion in the left leg, which was extended rigidly ; 
the knee and the foot were turned slightly inward. On the 14th lie 
died insensible. 

The only appearance of note seen at the autopsy was a congestion of 
the grey matter in the brain ; the kidneys and liver were also congested, 
and there were ecchvmoses in the kidneys. 

The second case — a young man, aged 23, working in the same 
laboratory — was admitted into the hospital, March 28th, 1865. In the 
previous January he had been exposed to tire vapour of mercuric 
methide for about a fortnight ; during the illness of the other assistant 
he felt ill and weak, and complained of soreness of the gums and loose- 
ness of the teeth. He had also dimness of vision, pain and redness of 
the eyes, giddiness, nausea and vomiting, the ejected matters being 
greenish and watery. At the beginning of March his sight and taste 
became imperfect — all things tasted alike ; his tongue was numb and 
liis gums sore, he was also salivated slightly. A week before admission 
he lost his hearing, and first his hands and then his feet became numb ; 
on admission his breath was very offensive, his pupils dilated ; the sight 
impaired ; he was very deaf, and his powers of speech, taste, and smell 
were deficient. There was anaesthesia of the body, and the movement of 
the limbs was sluggish and difficult. He continued in the hospital for 
nearly a month, with but little change, On April 24tli, it was noticed 
that he was getting thinner and slightly jaundiced ; he moved his arms 
aimlessly in an idiotic manner, and passed his urine involuntarily. On 
April 27th he was more restless, and even violent, shrieking out^ and 
* St. Barth. JBfosp. Reports , vol. i., 1866, p, 141. 
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making a. Loud, incoherent noise, or Laughing foolishly ; he passed his 
motions and urine beneath him. On July Ith he was in. a similar -tvtv 
—perfectly idiotic. He died on April 7th, 1866, about a year and three 
mon tils from his first exposure to the vapour;, the immediate e.v*..- 
death was pneumonia. The postmortem appearances of the hj,i,;n arid 
membranes riiftered little from tiie normal state; the grey matter 
pink, bat otherwise healthy; there was a confide ruble air, r.nt of 
ecrebro-spiirtl fluid; the arachnoid along tlie Longitudinal rh.-uro aas 
thieheued; the total weight of the brain with medulla was 41 off. The 
stomach was of enormous size; the pyramids of the kidneys wen- com 
jested, as was also the small intestine; tlie lungs showed the 
of pneumonia.'*' 

§ 842. Effects of the Corrosive Salts of Mercury, — The tvpe oi tim 
corrosive salts is mercuric chloride, or corrosive sublimate — a Ovnn-v.ni { 
which acts violently when administered, either externally or injotr.aiiv, 
in large doses. f If tire poison has been swallowed, the symntCrn.s c -uv. 
on almost immediately, and always within the first half hour : - 7 h».< vhili 
duration also is rapid. In 30 cases collected by F. A. Falvk. II , 1 

the first or second day, and II on the fifth day; so that 61 percent, died 
in five days — the remainder lived from six to twenty-six nays. The 
shortest fatal case on record is one communicated to Dr. Taylor bv 
Mr, Welch; in tliis instance the man died from an unknown cu.i mkv 
within half an hour, 

I 11 the very act of swallowing, a strong metallic taste and .1 painful 
sensation of constriction in tlie throat are experienced There u a hunt- 
ing heat in the throat extending downwards to the stomach, A'.i the 
mucous membranes with which the solution comes in contact are at lacked, 
shrivelled, and wliitened ; So that, 011 looking into the mouth, the apt ear- 
ance lias been described as similar to that produced by the recent appli- 
cation of silver nitrate. The local changes nnry be so intense AS I*t 
oedema of the glottis, and death through asphyxia. In a few* minutes 
violent piin is felt in the stomach ; so much so, that the sv.rt'crer is 
drawn together, and is in a hunting condition ; but there are rare eases 
in which pain has been absent, There are nausea and romitrnc, the 
ejected matters being often streaked with blood ; after the vomiting there 
is purging ; here also the motions are frequently bloody. J The tempera- 


* St, Batik. Hosp. Reports, vol. ii. p, 211. 

t The effects on animals are similar to those on man, Ricliavd Head cave a d-,g 
wilh bread 3'S grnis. (60 grains) of corrosive sublimate! — “Witliiu a quarter of an 
hour lie fell into terrible convulsions, casting up frequently a viscid frothy mc.'ia, 
every time more and more bloody, till, tired and spent vritli this hard service, he lay 
down quietly, as it were, to slep, but died the next morning.” 

t The mixture of blood with the evacuations is morn constantly* obsvi'Vei in 
poisoning by corrosive sublimate than in poisoning by arsenic, copper, or lead. 
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ture of the body sinks, the respiration is difficulty and the pulse small, 
frequent, and irregular. The urine is generally scanty, and sometimes 
completely suppressed.* Sometimes there is profuse haemorrhage from 
the bowel, stomach, or other mucous membrane, and such eases are 
accompanied by a considerable diminution of temperature. In a case 
recorded by Loewy,t after a loss of blood by vomiting and diarrhoea, the 
temperature sank to 33'4°. The patient dies in a state of collapse, or 
insensibility, and death is often preceded by convulsions. 

§ 843. Two remarkable cases of death from the external use of corro- 
sive sublimate are recorded by Anderseck. An ointment, containing 
corrosive sublimate, was rubbed into the skin of two girls, servants, in 
order to cure the itch. The one, during the inunction, complained of a 
burning of the skin; the other also, a little while after, suffered in the 
same way. During the night the skin of each swelled, reddened, and 
became acutely painful. There were thirst and vomiting, but no diarrhoea. 
On the following day there was an eruption of blebs or little blisters. 
On the third day they had diarrhoea, tenesmus, fever, and diminution of 
the renal secretion ; on the fourth day, feetid breath, stomatitis, hyper- 
sesthesia of the body, and a feeling of “pins and needles” in the hands 
ami feet were noted. The first girl died in the middle of the fifth day, 
fully conscious ; the other died on the sixth. So also Taylor J gives the 
case of a girl, aged 9, who died from the effects of an alcoholic solution 
of corrosive sublimate (strength, 80 grains to the oz.) applied to the 
scalp as a remedy for ringworm. The same author § further quotes the 
case of two brothers who died— the one on the fifth, the other on the 
eleventh day — from the effects of absorbing corrosive sublimate through 
the unbroken skin, 

§ 844, The nitrates of Mercury are poisons, but little (if at all) 
iuferior in corrosive action to mercuric chloride. Death has resulted 
from both the external and internal use, Application of the nitrate as 
an escharotic to the os uteri, in one ease,jj produced all the symptoms of 
mercurial poisoning, but the woman recovered ; in another case, II its use 
as a liniment caused death. 

§ 845, When taken internally, the symptoms are scarcely different 
from those produced by corrosive sublimate, It seems an unlikely 
vehicle for criminal poisoning, yet, in the case of Reg. v. E. Smith 
(Leicester Summer Assizes, 1857), a girl was proved to have put a solu- 

* In a caserecorded by Dr, Wegeler (Casper’s Wochenschrift, January 10, 1846, 
p. 30), a youth, aged 17, swallowed 11 '6 gtms. (3 drachms) of the poison. No pain 
was experienced on pressure of the abdomen ; lie died 011 the sixth day, and during 
the last three days of life no urine was secreted, 

t Viertcljahrsschr. filr ger . Med., 1864, vol. i. p. 187. 

+ Op. cit. § Poisons, 1848, p. 394. 

li Med, &rizette, vol. xlv, p. 1025, H JSdin. Monthly Jo itnud, 1864, p. 167. 
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tion of nitrate of mercury in some chamomile tea, winch liad Wen pre- 
scribed for the prosecutrix. The nauseous taste prevented a fata! ,1 st 
being taken : but the symptoms were serious. 

^ S+tt Mercuric Cyanide acts in a manner Very similar t > tin; , .f 
vorrcsive sublimate, !•$ grm. (about 20 grains) in one vase- d - u 
anot hoi - 1 half the quantity, having destroyed life. 

*t 8t7. Wliite Precipitate (am moniated mercury), ns a poison, is \u ili. 
Out^of fourteen cases collected by Taylor, two only proved fatal ; i-nv of 
these formed the subject of a trial for murder-, Ay. v. J/-x.-r, (I.- a v> 
Lent Assizes, I860). The effects produced are vomiting, purging, t ie., 
as in corrosive sublimate. * Other preparations of mercury, s; u -h a, the 
red iodide, the persulphide, and even calomel, § have all a more of k-..- 
iu tense poisonous action, aud have caused serious symptoms and death. 

^84S. Treatment of Acute and Chronic Poisoning, — in a. a to 
poisoning, vomiting usually throws off some of the poison, if it ha> been 
swallowed; and the best treatment seems to be, to give copious alba* 
in incus drinks, such, for example, as the whites of eggs in water, milk, 
and the like. The vomiting may be encouraged by subcutaneous 
injections of upomorphiue. TTie after-treatment should be directed to 
eliminating tire poison, which is most safely effected by wry ec.pi.ms 
drinks of distilled water (see ,f Appendix ”). 

phe treatment of slow poisoning is mainly symptomatic : medicinal 
doses of zinc phosphide seem to have done good in men.-uri.-ti tremors. 
Potassic iodide is also supposed to assist the elimination of mercury. 

§ 849. Post-mortem Appearances, — The pathological effects *eai 
aften- chronic poisoningare too various to be distinctive. In the museum 
of the Royal College of Surgeons there is (No. 2599) the portion of .1 
colon derived from a lady aged 74. !| This lady had been accustomed 
for forty-three years bo take a grain of calomel every night : ior inuuy 
years she did not suffer in health, but ultimately she became emaciated 
and cad re ct in, with anasarca aud albuminuria. The kidneys were found 
to be granular, and the mucous membrane of a great part of the 
intestine of a remarkable black colour, mottled with patches of a lighter 
hue, presenting somewhat the appearance of a toad's back, 1 roiu the 
portion of colon preserved, mercury was readily obtained by mean? of 
Reinsch’s test. The black deposit is in the submucosa, and it r> t 
without doubt, mercurial, and probably mercury sulphide. In acute 
poisoning (especially by the corrosive salts) the changes art- great mul 


* Orfila, L p. 735. t Christison, p. 427. 

+ See Dr. Tin Steveusou, “Poisouiug by White Precipitate," U«'?s 



obtaining insurance money, killed his child by calomel. 
lath. Soc. Ttaus ,, xviii. Ill, 
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striking. After vapid death from corrosive sublimate, the escharotic 
whitening of the mouth, throat, and gullet, already described, will be 
seeu. The mucous membrane right throughout, from mouth to anus, 
is more or less affected and destroyed, according to the dose and con* 
eentratiou of the poison, The usual appearances in the stomach are 
those of intense congestion, with ecchyinoses,*and portions of it may be 
destroyed. Sometimes tire coats are very much blackened ; this is 
probably due to a coating of sulphide of mercury. 

Iu St. George's Hospital Museum (Ser. ix. 43, y, 337) there is a stomach, rather 
large, with thickened mucous coats, and having ou the mucous surface a series of 
parallel black, or black.brown lines of deposit; it was derived from a patient who 
died from taking corrosive sublimate. With the seiere changes mentioned, per* 
foralion is rare* In the intestines there are found liypencmia, extravasations, 
loosening of the mucous membrane, and other changes. The action is particularly 
intense about the cneeum and sigmoid flexure ; iu one case, + indeed, there was little 
inflammatory redness of the stomach or of the greater portion of the intestine, but 
the whole surface of the csecum was of a deep black, red colour, and there were 
patches of sloughing in the coats, The kidneys are often swollen, congested, or 
inflamed ; changes in the respiratory organs arc not constantly seen, but in a majority 
of the cases there have been redness and swelling of the larynx, trachea, and bronchi, 
and sometimes hepatisatioii of smaller or larger portions of the lung. 

Iu St. George's Hospital Museum there aie (from a patient dying in the hospital) 
preparations which well illustrate what pathological changes may be expected in 

any ease surviving for a few days. The patient was Frauds L , aged 46, admitted 

to the hospital, February 27, 1842, He took a (quantity of corrosive sublimate spread 
on bread and butter, was immediately sick, and was unable to take as much as he 
had iutended. The stomach-pump and oilier remedies weie used. Oil the follow* 
iug day liis mouth was sore, and on March 1st his vision was dim ; liis month was 
drawn over to the right side, and he lost power over the left eyelid, but he liad 
110 pain ; he passed some blood from the bowel. O 11 the 2nd he passed much 
blood, and was salivated; still no pain. On March 4, on the evening of the 
sixth day, he expired ; he was drowsy during the last day, aud pamed watery 
evacuations. 

Prep. 14a, Ser, ix., shows the pharynx, oesophagus, and tongue ; thereisulceru* 
tionof the tonsils, and fibrinous exudation on the gullet. The stomach (48b, 199) 
shows alarge dark slough, three inches town the cardiac extremity ; the margin suv* 
rounding the slough is thickened, ulcerated, and irregular iu shape, the submuoous 
tissue, to some extent, being also thickened ; there is fibrine in the ileum, pharynx, 
and part of the larynx. The action extended to the whole intestine ; the reeturu in 
prep. 145a, 36, is seen to be thickened, and has numerous patches of effused fibrine. 

It is a curious fact that the external application of corrosive sublimate 
causes inflammatory changes in the alimentary canal of nearly'the same 
intensity as if the poison had been swallowed. Thus, in the case of the 
two gilds mentioned ante (§ 843), there was found an intense infkmtna. 
tion of the stomach and intestines, the mucous tissues being scarlet- 
red, swollen, and with numerous extravasations, 

§ 850. The effects of the nitrate of mercury are similar to the pre* 

* There is only one case of perforation on record. 

t Lancet, 1845, p. 700, 
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ceding ; in the feu' eases which have been recorded, there has been 
intense" redness, and inflammation of the stomach and intestines, with 
patches of ecehvrnosis. White precipitate, cyanide of mercury, me r, uric 
iodide, and mercurous sulphide (turpeth mineral) have all mused inflam- 
mation, more or less intense, of the intestinal tract. 

§ Sol. E limin ation of Mercury.— The question of the cfeuukd* * * § by 
which mercury is eliminated is of the first importance. I . \vvci,i.i 
appeal' certain that it can exist in the body for some time in an inactive 
state, mid then, from some change, be carried into trie circulation and 
show* its effects.* Voit considers that mercury combines with the 
albuminous bodies, separating upon their oxidation, and then becoming 
free and active. i 

UHmanni found mercury us follows : — kidneys, liver. spktu. a 
small quantity in the stomach, no mercury in the small intestine, but 
some in the large intestine ; small weighable quantities in the heart and 
skeletal muscles, also in the lungs; but no mercury, whoa the dose 
was small, in brain, the salivary glands, abdominal glands, thyroid 
glands, the bile, or the bones. 

The main channel by which absorbed mercury pisses oat of the 
body is die kidneys, whilst mercurial compounds of small solubility arc 
in great part excreted by the bowel. A.. Byussen.j after experimenting 
with mercuric chloride (giving '015 to To grm., with a little morphine 
hydrochlorate), came to the conclusion that it could he detected in the 
urine about two hours, and in the saliva about four hunt*, after its 
administration ; he considered that the elimination was flubbed in 
twenty-four hours. 

From the body of a hound that, in the course of thirty. one day*, 
took 2-7S9 gnus, of calomel (2'36S Hg) in eighty- seven doses, about Pi- 
per cent, of the substance was recovered on analysis : 


Merdurmus !i ;;T 
Vim;*-. 


lu tlie fjsees, 
,, urine, 


train’, heart, lungs, spleen, pancreas, kidneys. 

scrotum, and penis, . 
liver, ...... • 

muscles, 


* Tuson gave a mare, first, 4 grains, and afterwards 5 grains of e.-rrvvve s....- 
liirate twice a day ; at theend of foarteen days, in a pint of urine r.o Mercu:y was 
detected, hut at the end of three weeks it was found, 

t Voit Physiol, cheat. Unteni., ingsbuig, 1557. 

t Ghent. Gentr., 1892, ii. 941, .c 

§ Journal do VAwxi, et ie Physiol, 1S72, Mo. 5, p. 500 ; On the ser-ma.^n of 
mercury by the urine, see also Salkowsky in Virchow’s A ithit, lbio. 
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This equals 1'9 of metallic mercury.* Thus, of the whole 2'2 grms. 
of mercuric sulphide separated, over 95 per cent, was obtained from the 
fceces. 

This case is of considerable interest, for there are recorded in toxico- 
logical treatises a few cases of undoubted mercurial poisoning in which 
no poison had been detected, although there was ample evidence that it 
had been administered by the mouth. In such cases, it is probable 
that the whole length of the intestinal canal had not been examined, 
and the analysis failed from this cause. When (as uot unfrequently 
happens) the mercurial poison has entered by the skin, it is evident 
that the most likely localities are the urine, the liver, and the kidneys. t 
In a case related by Vidal, J the Liquor Bellodii (or solution of 
mercuric nitrate) was ordered by mistake instead of a liniment. AL 
though externally applied, it caused salivation, profuse diarrhoea, and 
death in nine days. The whole of the intestinal tract was found 
inflamed with extravasations, and mercury detected in the liver. 

In any case of external application, if death ensues directly from the 
poison, evidence of its presence will probably be found ; but too much 
stress must not be laid upon the detection of mercury, for, as Dr. Taylor 
says, "Nothing is more common than to discover traces of mercury in 
the stomach, bowels, liver, kidneys, or other organs of a dead body.”§ 

§ 852. Tests for Mercury, — Mercury, in combination and in the 
solid form, is most readily detected by mixing the substance intimately 
with dry anhydrous sodic carbonate, transferring the mixture to a glass 
tube, sealed at one end, and applying heat. If mercury be present, a 
ring of minute globules condenses in the cool part of the tube. If the 
quantity of mercury is likely to be very minute, it is best to modify the 
process by using a subliming cell (p. 260), and thus obtain the sublimate 
on a circle of thin glass in a convenient form for microscopical examina- 
tion. If there is any doubt whether the globules are those of mercury 
or not, this may be resolved by putting a fragment of iodine on the 
lower disc of the- subliming cell, and then completing it by the disc 
which contains the sublimate (of course, the supposed mercurial surface 
must be undermost) ; on placing the cell in a warm, light place, after a 
time the scarlet iodide is formed, and the identification is complete. 
Similarly, a glass tube containing an ill-defined metallic ring of mercury 
can be sealed or corked up with a crystal of iodine, and, after a few 

* Rieda-er, in Buchner’s Neues Report, f. Pharm., Bd. xvii, 3, 257, 1868. 

t A woman died from tlie effects of a corrosive sublimate lotion applied by a 
quack to a wound in her leg. The senior author found no poison In the stomach, but 
separated a milligramme of metallic mercury from the liver ; the urine and intestines 
were not sent. 

+ Oaz. dcs H6p., Juillet 1864. 

§ Taylor, Medical Jurisprudence, i. p. 288. 
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limirs, the yellow iodide, changing to scarlet, will become apparent. 
There arc few (if any) tests of greater delicacy than this. 

Mercury in solution can be withdrawn by acidulating the liquid, . 1 ;, 1 
then inserting either simply a piece of gold foil, gold wire. > r 1 rich : 
capper fuil ; or else, by u galvanic arrangement, such as iivui wire u> \ 
round a gold coin, nr gold foil attached to a rod of ziuc ; ..r, IhmIv. >.y 
the aid of gold or copper electrodes in connection with a battery, ]Jv 
anv of these methods mercury is obtained in the metallic state, uni tim 
metal with its film can be placed in a subliming cell, an 1 , 
deposited and identified, as before described, 

The Precipitating Eeagents for mercury are uttnmvms : a sohjr,..^ 
of , stannous chloride, heated with a solution of mercury, or am* c- ti . 
bination, whether soluble or insoluble, reduces it to the metallic state. 

Mercurous Salts in solution yield, with potash, soda, or lime, 
black precipitate of mercurous oxide; Mercuric Salts, a bright vi ’b..w 
precipitate of mercuric oxide. 

Mercurous Salts yield black precipitates, with sulphides nf 
ammonium and hydrogen. Mercuric Salts give a similar reaction, hut. 
with sulphuretted hydrogen, first a whitish precipitate, passing dvwlv 
through red to black. 

Mercurous Salts, with solutions of the chlorides, give a white 
precipitate of calomel ; the Mercuric Salts yield no preeiputotr under 
similar circumstances. Mercurous Salts, treated with iodide , f 
potassium, give a green mercurous iodide ; Mercuric, a Scarlet. 

g S53. The Detection of Mercury in Organic Substances aud 
Fluids, — Simple treatment of the organs or tissues with hydrochloric 
acid may give qualitative evidence of mercury, for distinct evidence of 
mercury in the liver has been obtained on a piece of cop>pi?r gauze in a 
case where a child had been given 2 grains of calomel before death, 
“Four ounces of the liver were treated with hydrochloric acid and 
water, and a small piece of pure copper placed in the uehl liquid while 
warm, and kept there for about forty-eight hours. It acquired a slight 
silvery lustre, and globules of mercury were obtained from it by 
sublimation.” 

To detect the cyanide of mercury may require special treatment, 
aud VitaK * recommends the following process: — The fluid is acidified 
with tartaric acid and neutralised by freshly precipitated CaCO, : a 
slight excess of liy dr ic sulphide is added, and the flask allowed to rest 
for tweutyfour hours in the cold. Then a further quantity of SIT. is 
added, and a current of hydrogen passed through the liquid : the 
effluent gas is first made to bubble tlnrough a solution of bismuth 
nitrate iu dilute nitric acid (for the purpose of absorbing SH.d. and 
* L’Otosi, sii. 181-196. 



682 poisons: their effects and detection. [§ 853 . 

then through aqueous potash (to absorb HC1) ; in the first flask the 
analyst *611 separate and identify mercury sulphide, while in the last 
flask there will be potassic cyauide, which will respond to the usual 
tests. 

In those cases where no special search is made for mercury, but an 
acid (hydrochloric) solution is treated with sulphuretted hydrogen, 
mercury is indicated by the presence of a black precipitate, which does 
not dissolve in warm nitric acid. 

The further treatment of the black sulphide may be undertaken in 
two ways : — 

(1) It is collected on a porcelain dish, with tlie addition of a little 
nitric acid, and evaporated to dryness in order to destroy organic 
matter. Hydrochloric and a few drops of nitric acid are next added ; 
the action is aided by a gentle heat, the solution finally evaporated to 
dryness on the water-bath, and the residue taken up by warm distilled 
water. The solution is that of a persalt of mercury, and the mercury 
can be separated by electrolysis, or indicated by the tests already 
detailed. 

(2) The other method, and the most satisfactory, is to mix the sul- 
phide while moist with dry carbonate of soda, make it into a pellet 
which will easily enter a reducing or subliming tube, dry it carefully, 
and obtain a sublimate of metallic mercury. 

A neat method of recognising mercury when deposited as a film on 
copper has been proposed by E. Brugnatelli : * the copper, after being 
washed, is transferred to a glass vessel, and a porcelain lid, on which a 
drop of gold chloride solution has been placed, adjusted over the dish. 
The whole is heated by a water-bath. The mercury vapour reduces the 
gold chloride, and gold is deposited as a bluish-violet stain ; fa mgrm. 
mercury may by this test be identified. 

Of special methods for the separation and detection of mercury, 
Ludwig’sf (or some modifications thereof) is the best when organic 
matters have to be dealt with: the finely divided solid substances are 
boiled for some hours with hydrochloric add, strength 20 per cent. ; 
then the liquid is cooled to 60°, and potassic chlorate added in half- 
gramme quantities until the dark liquid becomes clear ; the liquid is 
cooled and filtered, and the substances on the filter washed with water. 
To the filtrate 5 grins, of zinc dust are added, and the liquid is violently 
shaken from time to time; a second portion is afterwards added, and 
also vigorously shaken. After some hours the clear liquid is separated 
from the zinc and the zinc washed, first with water, then with a little 
soda solution, and finally, again with water, The zinc is now collected 

* Gazzctta, zii, 418-422, 

f Zeit, f physiolog . Chemie , 1882, i. 495 ; Cham. CentrbU., 1892, ii. 941. 
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1.11 ;i glass-wool filter, treated with absolute alcohol to remove water, 
and dried by suction in a stream of air. The zinc is put hum » combu<. 
tion-tube, the tube being drawn out into a thin capillary ex;roc,.- T - 
and a combustion made, the mercury collecting at the capillar v part 
It is u necessary refinement, should the zinc be contain iuaU'.l vubi, ;t 
trace nf organic matter, to pitch the combustion. tube as follows Fi*.*. 
the ziur dust on which any' mercury present has been deposited, tj >CI . ;i 
plug of asbestos : next, some cupric oxide; and lastly, some pure criji- 
dust. Bondzynski * prefers to use copper rather than zinc : for l w - >. lv > 
that zinc so frequently contains cadmium, which latter metal fi ls« 
a Minin', so tint, unless the mercury is afterwards identified l»v tumijj.* 
it into an iodide, error may be caused. 

O. Sr.luirum (Zeit, mud. Chem., 1905) has made a number !r . 
experiments showing that it is not necessary to entirely uostivv the 
organic matter of the organs iu searching for mercury. The orcauis 
and tissues, finely divided, are treatedhvith hydrochloric acid and pataMdc 
chlorate iu a capacious flash attached to an inverted (reflux' con- 
denser, and then the filtered fluid submitted to electrolysis — the anode 
being platinum foil, the cathode ft piece of gold foil 1 0 mm, broad and 
30 mm. long; the tension should be 4 volts, and the electrolysis be 
continual for twenty-four hours. Inaeaseof mercury -poisoning Schtunm 
found in the kidney I '89 nigrm., liver 1 mgnrn, pancreas '44 uigui„ , 
ami lung '4 mgnn. — total separated, 3'73 mgrnis.t 

$ S53a. Separation of Mercury by Hydroxylamine. —Paul J aim -use h 
(Her., 1898) has shown that mercutymaybe separated quantitatively 
from copper, bismntly lead, nickel, cadmium, arsenic, antimony, and tit:, 
by an iumnoniueal solution of hydroxylamine. The mercury should 
be converted into chloride, and, to the hydrochloric acid Soiuiicas, 
tartaric acid, ammonia, and hydroxylamine hydrochloride are added in 
excess, and the solution heated until the precipitation is complete : the 
mercury is collected, redissolved iu fuming nitric acid, the solution 
evaporated to dryness, the residue taken up with hydrochloric acid, and 
the mercury precipitated as sulphide. Mercury may be similarly 
separated from aluminium, chromium, or manganese in the presence oi 
oxalic acid ; mercury and cobalt may also be separated by the addition 
of annuo niacal hydroxylamine to a slightly acid solution of their salts. 

§ 853b. Detection of Mercury in the Urine, — One of the best 
methods is to acidify with concentrated hydrochloric acid, and add 

* Zeit.f. anal. Chcm., sxxii. 302-305, 

t Scimnim also shows that a fluid capable of filtration can he obtained by 
digesting or incubating at 37° with au equal bulk of water to which, as an antiseptic, 
chloroform is added, Under these circumstances in about a week autO'digestion, to 3 
great extent, will have taken place, For the same purpose he also uses peprin and 
hydrochloric acid ; but such time. consuming processes are hardly practical. 
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potassic chlorate in the proportion of about 1 gnn. for every 100 c.c. ; 
the urine is heated until it no longer smells of chlorine, and then mixed 
with a dilute solution of stannous chloride ; in this mixture a piece of 
gilt platinum foil is placed for fifteen minutes, the foil heated with nitric 
acid, and the solution evaporated to a small bulk and then tested with 
hydrogen sulphide. This method will detect 0'07 mgrm. of mercury.* 

Schumacher and W. Juny f use a similar process, but add sodium 
chloride, and after boiling with the hydrochloric acid and potassic 
chlorate, cool to 80° and add rasped zinc ; in about two hours the 
undissolved zinc is collected, washed, heated with dilute potassium 
hydroxide, and again washed. It is then dissolved in 50 c.c. of dilute 
hydrochloric acid with the addition of potassic chlorate ; after boiling 
out most of the chlorine, the last traces are removed by the addition 
of alcohol. Hydrogen sulphide is added, the mixture made up to 100 
c.o., and the yellowish-brown colour compared colorometrically with 
standard solutions of mercuric chloride. 

Ernst Janecke ( Zeit.j . anal. Chem., 1904) separates mercury from 
urine on the foregoing principles, obtaining the metal first on a spiral 
of copper wire. The wire is washed with hot water and air-dried. It 
is then put in a dry reagent tube, which is drawn out just beyond the 
wire to a capillary tube ; by means of strong heat the mercury is then 
distilled into the capillary portion, The capillary tube is then cut off, 
and cm si ted in a reagent glass containing 5 c.c. of dilute nitric and 
sulphuric acids. The mixture is warmed for an hour on the water* bath, 
and then transferred to a watch-glass — bringing the whole up to 10 c.c. 
by a 5 per cent, solution of potassic sulphate. This solution is submitted 
to the electrolysis of a platinum-gold couple, made of gold and platinum 
wire, The gold wire weighs about 25 mgrms., and has a length of 18-20 
cm., with a diameter of 0T mm. The gold wire is weighed carefully in 
a Nernst f balance both before and after the electrolysis ; in each case it 
is carefully dried, 

According to Bruno Bardach ( Chem , Cent r., 1901), mercury in the 
urine may be separated and estimated as follows : — 250-1000 c.c. of the 
urine are mixed with 0'8 grm, of finely-divided egg albumin ; 5-7 c.c. 
of 30 per cent, acetic acid are added, and the albumin precipitated on 
the water-bath. The precipitate contains all the mercury ; it is filtered 
off and dissolved in 10 c.c, of hydrochloric acid of specific gravity 1T9. 
This solution is heated for forty-five minutes with a clean copper spiral in 

* Adolf Jolles, Zcit, anal, Chem,, 1900. t Ibid,, 1902, 

t The Nernst balance ( Ber , xxxvi. , 1903) is a micro -balance with torsional 
control, having a sensitiveness of '038 mgim per scale division, and capable of being 
read to division. It can scarcely be in English commeroe at present, but can be 
obtained from Spindler & Hoyer, Gottingen ; it is an instrument likely to be of use 
in toxicological investigation. 
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the water bat li. The spiral is washed with water, alcohol, and ctlnr. 
carefully dried between filter-paper, and then heated in a long gla>* 
tube with a particle of iodine. The yellowish-red iodide of mercury, if 
present, will condense in the colder part of the tube. 

g 354 . Estimation of Mercury. All pharmaceutical *uL*t.<Ui j v- 
containing mercury, as well as the sulphide prepared in the wet c.y. 
and minerals, are best dealt with by obtaining and weighing the n.eui 
in the solid state. The assay is very simple and easy when carried , nr 
on the method that was first, perhaps, proposed by Domeyko. A chv~ 
tube (which should not be too thin), closed at one end, i* bent, a, .dj- u, 
in the figure ; the diameter should be about three lines, the length :'r 
7 to S inches, the shorter arm not exceeding 2 inches. The 7 , w.hrv 1 
substance is mixed with two or three times its weight of litharge and 
introduced into the tube at a. The portion of the tube containing tin 

mercury is at first heated gently, but finally brought to a temperature 

sufficient to fuse the substance and soften the glass. Tin- ffievcuvy 
collects in an annular film at h in the cooler limb, and nitty now, who a 



little management of the lamp, be concentrated in a well-defined ring ; 
die portion of the tube containing this ring is cut off, weighed, then 
cleansed from mercury, and reweighed Many of the pharmaceutic tl 
preparations do not require litharge, which is specially adapted tor - n.>, 
and heating with sodic carbonate (in great excess) will suffice. Meivitry 
mixed with organic matter must be first separated as described by mq per 
or gold, the silvered foil rolled up, dried, introduced into the bent tube, 
and simply heated without admixture with any substance; the wmgi-.T 
may be obtained either by weighing the foil before and after the opera* 

tiou, or as above. , 

§ 855, Volumetric Processes for the Estimation 01 Mercury. 

When a great number of mercurial preparations are to be exalnirmh a 

volumetric process is extremely convenient, There are several ot iter 
processes, some adapted more particularly for mercuric, and other.-, lor 
mercurous compounds. For mercuric, the method of Pursomie * i> U;e 
best, The conversion of the various forms of mercury into eurfusuve 
sublimate may be effected by evaporation with aqua regia, care being 
taken that the bath shall not be at a boiling temperature, or them wu. 
be a slight loss. 

Personae prefers to heat with caustic soda or potash, and then p '" 
* Cokipt. Haul., Ivi. 08 ; Sutton’s Tol, AmiI., 17 r. 
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chlorine gas into the mixture ; the excess of chlorine is expelled by- 
boiling, mercuric chloride in presence of an alkaline chloride not being 
volatilised at 100°. The standard solutions required for this process 
are : — 

(1) 33 - 2 grms. of potassic iodide in 1 litre of water, 1 c.c. =0 01 grm, 
Hg, or 0-01355 grm. HgCl 2 , 

(2) A solution of mercuric chloride containing 13'55 grms. to the 
litre, 1 c.c. =0'1 grm. Hg. 

The process is founded on die fact that, if a solution of mercuric 
chloride be added to one of potassic iodide, in the proportion of one of the 
former to four of the latter, mercuric iodide is formed, and immediately 
dissolved, until the balance is overstepped, when the red colour is 
developed ; the final reaction is very sharp, and with solutions properly 
made is very accurate, The mercuric solution must always be added to 
the alkaline iodide ; a reversal of the process does not answer. It there- 
fore follows that the solution to be tested must be made up fo a definite 
bulk, and added to a known quantity of the potassic iodide until the 
red colour appears. 

Mercurous Salts may be titrated with great accuracy by a decinomal 
solution of sodic chloride, This is added to the cold solution in very 
slight excess, the calomel filtered off, the filtrate neutralised by pare 
carbonate of soda, and the amount of sodic chloride still unused found 
by titration with nitrate of silver, the end reaction being indicated 
by chromate of potash. Several other volumetric processes are fully 
described in works treating upon this branch of analysis. 


III.— PRECIPITATED BY HYDRIC SULPHIDE FROM 
A NEUTRAL SOLUTION. 

Zinc— Nickel— Cobalt. 

1. ZINC. 

§856. Zinc — at. wt, 65; specific gravity, 6'8 to 7*1; fusing .point, 
412° C (773° F.) — is a hard, bluish-white, brittle metal, with a crystalline 
fracture. Between 100° and 150° it becomes ductile, and may be easily 
wrought ; but at a littlehigher temperature it again becomes brittle, and 
at a bright red heat it fuses, and then volatilises, the fumes taking fire 
when exposed to the air, In analysis, zinc occurs either as a metallic 
deposit on a platinum foil or dish, or as a brittle bead, obtained by 
reducing a zinc (compound with soda on charcoal. 

The salts of zinc to be briefly described here are the carbonate, the 
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oxide, and the sulphide— all of which are likely to occur in the separa. 
tion and estimation of zinc, and the sulphate find chloride— salt s more 
especially found in commerce, and causing accidents from tune to 
time. 

§ 857. Carbonate of Zinc, in the native form of calamine, contains, a* 
is well known, 64 8 per oent. of oxide of zinc ; bat the carbonate obtained 
in the course of an analysis by precipitating the neutral hot sol tit bn of 
a soluble salt of zinc by carbonate of potash or soda, is carbonate of /me 
p/„s a variable quantity of hydrated oxide of zinc. Unless the preeipi. 
tation takes p lace at a boiling temperature, the carbonic unliydri.i e retai n» 
a port'll »n of the oxide of ziuc in solution. By ignition of the carbonate, 
oxide of zinc results. 

§ 80S. Oxide of Zinc (Zn0=81; specific gravity, 6*61 2; Z11. 
S0'24 O, 1976) is a white powder when cool, yellow when hot. If 
mixed with sufficient powdered sulphur, and ignited in a stream of 
hydrogen, the sulphide is produced; if ignited in the pure Ttate in 
a rapid stream of hydrogen gas, metallic zinc is obtained ; but, if it 
is only a feeble current, the oxide of zinc becomes crystalline, a portion 
only being reduced. 

g 859. Sulphide of Zinc (ZnS = 97 ; specific gravity, 41 ; Zn. 67-01. 
S 3d-99). —The sulphide obtained by treating a neutral solution of a 
soluble silt of ziuc by hydric sulphide is hydrated sulphide, insoluble in 
water, caustic alkalies, and alkaline sulphides, but dissolving completely 
in nitric or in hydrochloric acid. When dry, it is a white powder, and 
if ignited contains some oxide of zinc. The anhydrous sulphide is pro- 
dueed by mixing the precipitated sulphide with sulphur, and igniting in 
a crucible In a stream of hydrogen gas 

P harmac eutical Preparations. — The officinal compounds of z;neu<e.i 
in medicine are the acetate , carbonate, chloride, oxide, sulphate, stdj ho- 
c arbulate, aud valerianate, 

Sulphate of Zinc (ZnS0 4 7H.,0 = 161 + 126; specific gravity, crystals. 

1 .93I) , This salt is officinal in all the pharmacopoeias, is used in 

calico-printing, and is commonly known as white vitriol. By varying 
the temperature at which the crystals are allowed to he formed, 
it may be obtained with 6, 5, 2, or 1 atoms of water. The com- 
mercial sulphate is iu crystals exactly similar to those of Epsom 
salts; it is slightly efflorescent, and gives tire reactions of zinc and 
sulphuric acid. 

§860. Chloride of Zinc is obtained by dissolving zinc in hydro- 
chloric acid, or by direct union of zinc and chlorine, Chloride oi z.ne 
is the only constituent in the well-known 11 Burnett’s disinfectant fluid. 
A solution of chloride of zinc may be heated until rt becomes water, 
free ; when this takes place it still remains fluid, and makes a convenient 
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liatb, fi>i' warmth may f applied ft* it above ■‘Wn‘ w;’le«o! n i-miiiin- 
felines to iuoi nivm lienee ; af a red heat i' » i f - * i . . \ <■ «U‘- ii i r.j t c-» 1 

solution of xini'o auuimnii' eJdoiide ("IljN’t lXid 1 1 1 u -'1 f, ,i- tin- 
purpose of' rcumviu*' the iihu "t oxide U r >ni vaio’U' noth [uepui.iiory 
to soldering. 

§861. Zinc ill tliO Arts. Tim use of /me 1 tie A.il iu slifrtiup 
cistin'u.s, Hi'ficlr'.s lor ilmuestii' use, alloy . t*ie i ■* <15 neiii , oxide of 

due eaters largely into tin- eoioposition ui itch i into • i Suiphi, j f . of 
nine has licciu oiujilovcl as a Milmif tile toe wiitt, e ,ei, m i li. iy |in ii.iv 
supersede it, /iue while is tuetlu r eiujihil r 1 a < J<: ue i.t, an 1, 

with albumen, Ls mi agent in e.'dieii juiutm;: . it ) >!•. oni Ul || l( . 

decoloration of glass, in the puli dun ' r >i "pM ■ ’!■» ■ r and u, d,,- 

uuinufaetiiri; of Artificial uieer 'idi.imii pip 

Chromate of ZinciZuiV* i,i i . n < d iu e-iliv.. j.r.nto. . md tl„i. jv 

nls<l ill OOlllUiriVe a basic eliminate luii'ttli e us Xilie given, 

nr lliimitUi’s green, is a beautiful muoni'ui ,••.]. or. ban.' i hy igiatiie' 
a lmxtnrir of dry yonrii: uud rubalimi ■■ • arl.'m 

I'lie. iisu of /line, vessels in t.lie jn/ jiii itiun "f i.»i i may a uonsllv 
bring tlto metal under (lie lint ire of the anaiy t \\ ie u r'jin.ed |o 
tv moist atmosphere, /.iue lirrniues covered unb a !i r ,n J,lm of nude, 
pcrlcutly iusoliilile in ordinary water; l»tt, >1 tie* **.m , ,dr»uld !« 
charged with t'otiiiuoii .•uil'.n eotiKi-hrabb • piu<«U>y- Jo ay i.r rj). ; .,lv,d. 
Itrinay generally belaid down as a roje that ti.r- j. .,4, r ,.f si .> t , -r 

mi /iue. lra.s a direet. relation is tin' elib.f el- s pi •■mii’ , alob-.t rarb .oaOi r.f 

limn greatly dituiuishi'K t hi ■. nniui.ili! v, i 

Milk may become rniininiiiaf id by /inr . for, )’ in a n,att> i of 
common knowledge Unit, unllv matmed 111 anc •- Ja . j. . ... n , .1 re.riih 

tail'll sour, This may lie explained by tlir- /it<> *• s ; ■ I? > • •inbimiig with 
tin; lnc.fie add, and forming 'lie sparingly <.«hit.:. he late >,f nuf 
i(a i ll 6 0 . 1 )Xuto 511 ,H ) flu<s mi bdiawnu: tie- !a<-*(. ei fun •<» it i-, 
fornicil, prirventiiig (lie roii/ulatiirii of lie 1 m uj. With regard to tint! 
iinpoftiuit, praelicnl subject, MM, l’.iyie- and ('brvaib. 1 made vvrrnl 
experiments on the action »»f brandy, »ue- T vitegit, *.lr.r rul, soup, 
milk, etc., and proved that /tur is a- f.-d on 1., .> i> tm ; ;u ,d 
(tsptteially by aleolmlie, ari-tie, and ‘inline b j .Hn. \) to teeilf> ,e 
has repeated these I'Xpeiuin uts, anil ib teruriJii- i tie- aiumuii oi /me 
dissolved in lilYei'U days by differed! b>pi»d% it,. 10 .1 ;*a)Vin,l'i«'j tl"li 
ns well its a y.iui: vessel. 

* Artificial iiiMisrbaiim pips i n» , ,.:.r, r 

oaseiu iiuiuii'uiiiii). 

1 XilUS'k, indeed, feUlid 111 II Jiltri.f »»!. I . 'rjitnue-i : » r >. 

1 '0101 gnu. of ziu" r jiiirf tin- <Miiir ».)(«•! ..ie.Hid >-u!v \ l ,‘tm ' ..'1,11,01, Si! 1 

tin, litri). — l'^rlr/jiil t r.i»l<r. /.,r ./i*, Af. } - ■ . 1 . lei y. 
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Brandy, 


The liquid from 
the ziuc vessel— 
firms, per litre. 

0-95 

The liquid from 
the galvanised 
Iron vessel— 
grms. per litre. 

0'70 

Wine, 


• 3'95 

4-10 

Orange* flower water, 


0'50 

0-75 

Vinegar, 


31 '75 

60‘75 

katty soup, . 


0-46 

I'OO 

Weak soup, . 


0-S6 

1*76 

Milk, 


513 

7-00 

Salt water, . 


1'75 

0*40 

Seltzer water, 


0'35 

0-30 

Distilled water, . 


traces. 

traces. 

Ordinary water, , 


traces. 

traces. 

Olive oil, 


none. 

none. 

862. Effects of Zinc, 

as shown by Experiments on Animals. 


liarnack, in experiments with sodium^zinc oxide pyrophosphate, has 
shown that the essential action of zinc salts is to paralyse the muscles 
of the body and the heart, and, by thus affecting the circulation and 
respiration, to cause death ; these main results have been fully confirmed 
by lilake, Letheby, and C. Ph. Falck. For rabbits the lethal dose is 
■08 to '09 grm. of zinc oxide, or about '04 per kilogrm. The tem era* 
tnre daring acute poisoning sinks notably — according to F. A- Falck’s 
researches on rabbits, from about 7'3° to 13'0°. Zinc is eliminated 
uiainly by the urine, aud has been recognised in that fluid four to five 
days after the last dose, It has also been separated in small quantity 
from the milk and the bile. 

§ 8G3. Effects of Zinc Compounds on Man — (a) Zinc Oxide. — The 
poisonous action of zinc oxide is so weak that it is almost doubtful 
whether it should be considered a poison, Dr, Marcett has given a 
pound (453-6 grms.) during a month in divided doses without injury to 
a patient afflicted with epilepsy; and the workmen in zinc manufactories 
cover themselves from head to foot with the dust without very appareut 
had elfects, It is not, however, always innocuous, for Popoff has re* 
corded it as the cause of headache, pain in the head, cramps in the 
calves of the legs, nausea, vomiting, and diarrhoea ; and he also obtained 
zinc from the urine of those suffering in this manner,'*' Again, a phar* 
macy student t filled a laboratory with oxide of zinc vapour, and 
suffered from welLmarked and even serious poisonous symptoms, con* 
sisting of pain in the head, vomiting, and a short fever. It must be 
remembered that, as the ordinary zinc of commerce is seldom free from 

* The so'called " zinc fever ” has only been noticed to tlie founding of brass ; it 
is always preceded by well* marked shivering, the other symptoms being similar to 
those described, 

t Rust’s Magazin, lid. xxi. § 563. 
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lU'SCIlit'. tlll'l M'U1*‘ KUUjJrf. I'Mll'.liu galll'Uil, lilt' jll'l sr l,, |. i-f ill—- r' Jt.r I '1‘ 
nay jioi-sihly have a j-ui <n lit- | <;>,n „f tb- timj i-nr- »i»- ••»}« i 

s(yi. (/•) Sulphate <il Zinc ■> .lj.lt. a> -a /nu- In t-a <,.-i \ ny 
ijUfiii.ly lah<u h.V arfi-ir-ui ir i Ini th-mli fn*jn i! 1 ran. Tim 
iuf]-|.||iiciir V irf fatal »* >,ll t . ■ 1 *i- , it -’ fir aity UiiiIhiIv i.f i.i,- all, hoi 

ral.lll'1* to if- aUi.x ! Ill’ll'.-- il]irlli>l Iry Vi ntn I . w, \ »hf>)l ; I' 

constant nxir 1 regular ala • H— I. that tu •i«i: i , i.l I’ll ;<ia.. lmi ns 

sal|>liuli‘ it)' zi«c «>fii n v *‘l* '•* 1 'tjfrit in ji r i< .man' fr-Kt •r'hr-i 

|jl (lllil'ldv l*\ 1 1»1 ill'' l‘‘ rll ' * ll • : Irf l }(•- T.llll II ![. Ill || r -a • |. J...I?. 1 

lh‘. I til ilt. ail a lull t r in ill’ - a all.r-.i, . ! 1 I}:? yinr *l‘i7 i-fi-nli t. i.«i» it'< 

vomiting '"'"iii'i' 'h »M-i •* i 1" Mfimt-i 1»\ Mlti-i < n . im »• > * 
1h uuiiiuir. ll l*. i i jlli r nil 1*i a% v*. ii |i \i * r* i i i i i.i- a iai a I > 3 * ■ - 1 ■ . . J / i>. 

Kill I -ll’ll l 1 ’ill I lif serums I'liij.lrru,, rata "'-I In" s -’Itiii. ll ii/ J ill lie- 

C.'ISII Ilf U glKOUl ill 'll" Set lire "f 1 '1 Mill'!. 111/.'*-, lct|*l*. I.I r 1 If.- I ll W fir'll. 

ulUii'Ugli not filial in that |r>riKtft<r n*tl .litre, U might I.i- to ..tb'i-, 

Tile lUllU t.'H'U il 1U ll. I'r! ft.)' Kjr-."Ui <*all« ; a fi ll luiunli -: afl‘1, 111 

wbk violently sick and || 1 | 11 ,:*'. 1 « nal vi .=**» -*'-iv-'y j n* i*rtr-'» t » *i t ‘-'itfiaf in- 

laid (r* In' i', anir'l I" In* Ifiiif . lli>' f'deitiiiig il iy In- lia<l rriiix j * T i m i br- 
ief's, and ldl ivrak, bit »a.i* *.i ini a i i- -a r 1 1 . 

lit a riiniinal i'hv nlii'tii l*y Tan In 'l and l«i*>r--iiii, it litrif »!•» •*- 
of /.ini' Mill J iluit *•. |in‘ lid*' HI*, <-.»(i/r'-i ilii' ilrallt irf a Kitnntii 
years nf nyi' in ill-ill ilnriy lnmi . ‘ Ti.i- -.vuij.i. an*- wen- nebm 
jairgiit;' mi'l voudiiii;', ir-adru ' in »■• .11 .» j •‘-.f. 1'nrin I».«3f i.i tin* .,*rti], :» 
ijiiiint.it, y of '/.iiu‘ nshb, <-jual I'r 1 t) arm nf /u ,*' -> <xl] tlnif »*, was s-jini ofM 
Zinc, wus also fmui 1 m tin Ni*a»ia*'li T livr-r, itilr*, lines, au-i sjl.eti i»t 
also ii rasr nf iTiiitilial p a-nmnr' in'nlilr'l 1 ry I 'in*i.)llii-i t ! 

§ Klin, (r'j Zinc CUIoritb, I hlnn-lr t<f /ini' i n |»mi -iin* j-.ii m, 
which may kill l»y it ■ |*riutttry nr s>*ivtii'l:iry i'tfc>'t» ; its lnr.tl arti-at i> 
(auiHl.iti is luuiiily to In- u‘rf'riis '1 in its iiilni i- uiiimtt fur w.iii-r, lirln 
(li'ufrinj' lUiy t.issi|i T with whn li It. I'tnics III rnulai'l. I’ll'- i'nuiln>ili ii ■ • ■ 4 
ilisiufi'ctiuo lUiiils rr-utumiiig ziui* flilnviilo, hui-Ii as Itnrui'll' 1 ' Ihii'l. h t»l 
(,o more, aei'iilnnl.s in l'aii'l.'in*! ihau m any ntb*r Kiunjii-uii I'muifiy i »i 
t.Wimf.y sift oasi'H nf JlMi'.niiinn hy tliis Hv'i'nl, l »'<*uiy ftitll ui rill n-i ill 
Hiiglmid, and only two uu the f ‘iiutiueiit . ltcntli umy follow ilte i >. 
toriifil use of xiae I'ldoriiln. Sooii* years ityn ti ijnaek al 11a in tajdi-, 
Davnn, uji|ilieii '/inn cltlnriili- tn a I'aui'iTons lui'usl i r thn ivi.iiirtit ihrii 
with all lifter j'euer.’il sytiij ilmns of jinisniiiiti; 1 »y ziue, ami ilitit un-ful was 
found in tin/ liver mi l otiuT organs. 

* Taylor notii'e* lliis lase, lilt nrlijs ihni vli>- ilini lit thii'i* 'Juv-r, Thm n a nils 
lake., as tin houji was Itik'-it <m tins Igtli nf .liuin r jnilolilv al liiiddsiy, airl ti,r. 
wimiaa died mi tlii. JStli, al H r,M. 

f *' OlwnrvatimiH tn*irnhc)(i.[ue*»!ir Jn /iue.” Anun^ t tl'll'iid-*' /‘.O.fiy.ir, ii-i . 
1878, ji. 153. 
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The symptoms observed iu fatal cases of chloride of zinc poisonino- are 
— immediate pain in the throat, and burning of the lips, tongue etc. 
There is difficulty in swallowing, an increase in the secretion of saliva 
vomiting of bloody matters, diarrhoea, collapse, coma, and death. In 
some cases life has been prolonged for days ; but, 011 the other hand 
death has been known to occur in a few hours. In those cases in which 
either recovery has taken place, or in which death is delayed, nervous 
symptoms rarely fail to make their appoamnee. In a case recorded 
by Dr. R, Hassal, 3 ozs. of Burnett’s fluid were swallowed. The usual 
symptoms of intense gastrointestinal irritation ensued, but there 
was no purging until the third day ; after the lapse of a fortnight 
a train of nervous symptoms set in, indicated by a complete perver- 
sion of taste and smell. Iu other cases, aphonia, tetanic affections 
of groups of muscles, with great muscular weakness and impairment 
of sight., have been noticed. Very large doses of zinc chloride have 
been recovered from, e.tj, a man had taken a solution equivalent to 
about 13 grins. (200 grains) of the solid chloride. Vomiting came on 
immediately, and there was collapse, hut he recovered in sixteen days. 
On the other hand, '38 grm. (t> grains) has destroyed life after several 
weeks’ illness, 

§ 86G. Post-mortem Appearances. — In poisoning by sulphate of 
zinc, the appearances usually seen are inflammation, more or less intense, 
of the mucous membrano of the stomach ami bowels. In St. George’s 
Hospital Museum there is (ser, Lx, 43 and 198) the stomach of a man 
who died from zinc sulphate, and whose ease is reported in the Lancet , 
1859. The mucous membrane is wrinkled all over like a piece of 
tripe; when recent it was vascular and indurated, but uniformly of a 
dirty grey colour ; the lining membrane of tho small intestine is very 
vascular, and in the duodenum and upper part of the jejunum the colour 
is similar to that of the stomach, hut in a less marked degree ; the 
stomach and intestines are contracted. 

The pathological appearances after chloride of zinc vary according to 
the period at which death takes plane. When it has occurred within a 
few hours, the lining mcmbraiur of the month and gullet shows a mai'ked 
change in texture, being white -and opaque, the stomach hard and leathery, 
or much corrugated and ulcerated. In cases in which life lias been pro- 
longed, contractions of the gullet and stomach may occur very similar to 
those caused by the mineral acids, and with u similar train of symptoms. 
Iu a case which occurred under Dr. Markham’s * observation, a person 
died ten weeks after taking tho fatal dose, tho first symptoms subsiding 
in a few days, and the secondary set uf symptoms not commencing for 
three weeks. They thou consist, oil mainly of vomiting, until the patient 
'Med. Times and l/icxt/.t, .luim II, 18:19, p. 590. 
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sank from exhaustion. The stomach was constricted at the pyloric end, 
so that it would scarcely admit a quill. 

In Guy’s Hospital there is a good preparation, 1799 3S , from the case 
of S. R., aged 22 ; she took a tablespoonfnl of Burnett’s fluid, and died 

in about fourteen weeks. There were at first violent vomiting and 

purging, but she suffered little pain, and in a day or two recovered 

sufficiently to move about the house ; bnt the vomiting after food con* 

tinued, everything being ejected about five minutes after swallowing. 
Before death she suffered from pneumonia. The stomach is seen to be 
much contracted — 5 inches in length ; it is ulcerated both near the 
pylorus and near the gullet ; at the latter part there is a pouch-like 
portion of the mucous membrane of the stomach adherent to the spleen, 
which communicates by a perforation with an abscess formed and bounded 
by the stomach, diaphragm, and spleen ; it contained 3 ozs. of dirty* 
looking pus. At the pylorus, in the centre, there is a second perforation, 
but extravasation of the contents is prevented by the adherent omentum 
and transverse colon. The muscular coats are thickened. 

§ 867. Detection of Zinc in Organic Liquids or Solids. — In cases 
where the poison has been expelled from the stomach by vomiting, the 
muscles and bones would appear to be the best tissues to examine chemi- 
cally ; for Matzkewitsch investigated very carefully a dog poisoned by 
100 parts of zinc, subcutaneously injected in the form of acetate, aud 
found it distributed over the several organs of the body in the followiug 
ratios .'—Muscles, 60'5 ; bones, 24'41 ; stomach and intestines, 4 ’63 ; 
skin, 3'70; place of injection, 2'19; liver, 1 '75 ; lungs and heart, 1'68; 
kidneys, bladder, and urine, 1* i 4. 

Finely-divided organic solids should be partially oxidised by nitric 
acid and then charred ; the charred mass is fused in a porcelain basin 
with sodium carbonate and potassic uitrate, and the ash dissolved in 
nitric acid, The first group of metals is thrown out by sulphuretted 
hydrogen, the iron and aluminium by ammonia ; a small excess of acetic 
acid is added to the filtrate, and the zinc precipitated as sulphide by 
hydric sulphide ; on the routine examination for metals the solution 
will have been treated with hydrochloric acid, and already tested for 
arsenic, antimony, lead, etc., and filtered from any precipitate. I 11 such 
a case the hydrochloric acid must first be replaced by acetic, which is 
effected by adding a slight excess of sodic acetate ; the right quantity 
of the latter is easily known if the hydrochloric acid originally added 
was carefully measured, and its specific gravity ascertained — 3'72 of 
crystallised sodic acetate saturating one of HC1. In any of the above 
eases, should a white, dirty white, or lightish .coloured precipitate (which is 
not sulphur) be thrown down, zinc may be suspected ; it will, however, be 
absolutely necessary to identify the sulphide, for there are many sources 
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of error. The most satisfactory of all identifications is the production 
of Rinman’s green. The supposed sulphide is dissolved off the filter 
with hot nitric acid, a drop or more (according to the quantity of the 
original precipitate) of solution of cobalt nitrate added, the solution 
precipitated with carbonate of soda and boiled (to expel all carbonic 
anhydride) j the precipitate is then collected on a filter, washed, dried, 
and ignited in a platinum dish. If zinc be present in so small a 
proportion as 1'100,000 part, the mass will be permanently green. 

§ S68. Other methods of procedure are as follows : — The supposed 
ziuc sulphide (after being well washed) is collected in a porcelain dish, 
and dissolved in a few drops of sulphuric acid, filtered, nitric acid added, 
evaporated to dryness, and heated to destroy all organic matter. When 
cool, the nniss is treated with water acidulated by sulphuric acid, and 
again filtered. The solution may contain iron as well as zinc, and if the 
former (on testing a drop with ferrocyanide of potash) appears hi any 
quantity, it must be separated by the addition of ammonia in excess to 
the ammouiacal filtrate ; sodic carbonate is added in excess, the liquid 
well boiled, and the precipitate collected on a filter and washed. Thu 
carbonate of ziuc thus obtained is converted into zinc oxide by ignition, 
and weighed. If oxide of ziuc, it will be yellow when hot, white when 
cold j it will dissolve in acetic acid, give a white precipitate with sul- 
phuretted hydrogen, and, finally, if heated on charcoal in the oxidising 
flame, and moistened with cobalt nitrate solution, a green colour will 
result. Zinc may also be separated from liquids by electrolysis. The 
best results are obtained from alkaline solutions and a strong- current 
at a temperature of 50°. 

2, NICKEL— COBALT. 

§ 869, The salts of nickel and cobalt have at present no toxicological 
importance, although, from the experiments of Anderson Stuart,* both 
may be classed as poisonous. The experiments of Gmelin had, prior to 
Stuart’s researches, shown that nickel sulphate introduced into the 
stomach aeted as an irritant poison, and, if introduced into the blood, 
caused death by cardiac paralysis. Anderson Stuart, desiring to avoid 
all local irritant action, dissolved nickel carbonate in acid citrate of soda 
by the aid of a gentle heat ; he then evaporated the solution, and 
obtained a glass which, if too alkaline, was neutralised by citric acid, 
until its reaction approximated to the feeble alkalinity of the blood ; the 
cobalt salt was produced the same way, The animals experimented on 
were frogs, fish, pigeons, rats, guinea-pigs, rabbits, cats, and dogs — 
in all 200. The lethal dose of nickelous oxide, when subcutaneously 

* “Nickel and Cobalt; their Physiological Action on the Animal Organism,” by 
T. P. Anderson Stuart, M.D., Joani. of A nal and Physiol, vol. Xvii., Oct. 1882. 
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iujccleil ui tli>' Mtlui'i*- j. ■ ' . rii < • i- 

frogs, l)S jjnu. I't't i.il-.;'i»i>.rm p. ••••!» . >■ r ■ , 

•yjf,. -01; r;il'l'it*i, I" 1 ’ 1 : >n-i -i" r . !».- • • ' e 

was fuiuiil 1“ 1"' ur'l'li l '' ! i '* r ’ f 1* j'rllllip H.‘ »'"* r d* ' ‘ *' I ‘ 

increased a Unit ( «•** I bird In "*U i »• •• |*»*> ' 

sci ‘ii is I" U* very iiijil'ii t»riiiti “i is- :'* !■ ' ' \ 

§ ,S70. Symptoms FrogK. A mi -hr « iij-Vi ii..- •; a- .»» 
1 yuijili s»* of Hu' frog im'i 1 *i» r i'il-sH*'-,: 1 i.' (•••!•»'•! • 1 

(lll(T skill all llVl'l' til'' If'* I v is-CrUll isr!.r| ., 1 , 1 1 li.'l" UM’-.Ur., 1 • . 5 I. ‘ 

aifi'ci|iii'ully :i while froth i" ii.ui.-i iM .i ].•«». -i il,. m'- m. 

lu Jill interval iif aUmt Uni 1 )' n.i'i > ,r * I»* !'• ' i'- -m. t).. -y 

ref mrli'd mul .-.lint ; it’ - 1. n.-i. » Inn. U H i., a , ia ft.- 

fore limits aiv weak, and t)i <• hurl Ugi iirwu ojr i.e. j.. • siimii, 0, 
IJii'lis ! ring ji i mil.'. 1 up ’I I'liii t ti,. i-idy that *!».■% >..u." t*. 1;. -.i. 
I lie dorsal asj ii'i'l "t tli>. . i'll'. 1 * id tic ii ■ . hi i t ic 1> . ui" ; ■ ini.il ■!» ■ i 

that, (.hi: feel lie mi tin- animals bob, • j*f it m l » u. >i i>r tie .,i 

the thighs. Slum librilkity i»n» imv ■*>' i »t He *-^ >h- 

abdominal wall, thru ferblr Uil.lmi;'. >•! the tue'-i'!, .*»»•! Here b-". He 
fm'e limbs generally ; lastly, lie t*e .» i < v-n t-r t me) lie ), t?.- 

muscles nf the hmd limbs ilmt *.r*i>*r k nearly ulany. rr). .■ i • i . . ...w 
spiisinwlir >, r ajiiug au’l iit«'* <■ .idni dc nnuiient* are e-' n, .m i t;,. ryte-t.u 
aspect is not unlike the »y t<ij i» • • i< > t'i ..) by j-e i. no. \fti i it. , 
tel nuns sets in, uti'l t lie yinj-t-.iii • I iir it tisrinhii ?),-•»• ,■< •• n . ! ,i i ,. He 
next Kliijei: is sliijief.'u'li'iu ;nrl -."rhin'iiiy uni i joi. a . lie i . . jm i v 
lUHVeluelltK hceiillie li'fMi', ,ucl I i(" J.areil" jM" " »»!•» Jiaruh Ml Tie 

liirart liuats mure mill lui't'e v l»e*iy au'l U > ’ ily , an I -J. .»» ii pi i |.,.r]i i 
iiupei'ceptilily sii]iei veil' s. The |iuh). ue« l-au ajije -uiajj' • ■ ;*r» *.veH mi! i, i 
■rV, vigor iumTi«, sliplit <'.»i4;*«-i* i* *n r.f tie- nliiirni.d v ti.irt, ti,, ii<-ut 

with the aui'ii'le uiiii'h ililaie.J aie) vatli -lark 14 i. Ht» veiitii- !«■ 

mostly suiiill, puli', mul w-ii,i i-oni imi* i< 4. 1 - rr tsm> aftr-i >h ,ii ; »).,■ 

nerve trunks anil mns>'le;i reae! t.i the in-hiH mu eutri nt 

PigCOnS, lu I'xpeiillieiitH ui, pipreiiH the nytu jit> -n, i »■ (!• 1 1». ..S 
(lulucHs and stupor, jerkin}'^ nf ihih-ivut sets <■} mme he, in i iUn> d> iH- 
ipiiirtly. 

G-UiuCa pigH.™*hi noitien jmih there were diilui ' a at,ii si nj « <i„ t ; n, 
with some weakness of tin- liind liinh-i, 

Bats — Tin. symptoms in rats sni- /iliu-ist eottii-ly neii.nr. , t|,< v 
liccmno drowsy and n|4itlielie, and iln re a h» pualy ms u) j ),r ), u ,r| 

Rabbits.— In rnlibils, also, the symptoms were nuuiily iiu.se . aus- d 
by liu aHectiou nf the nervnns system Tli'-re w:.s paralysis, shell 
affected either tliu hind legs only, or nil four limbs. 'l ie' n-j m ,d 
uiukcIcb became so weak that the miitnul was iiuahle to in. id its hi ad up 
Diarrhom occurred and persisted until death. If llm dose is not hip- 
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enough to kill rapidly, the reflex irritability is decidedly increased, so 
that the slightest excitation may cause the animal to cower and tremble 
all over Now appear twitching* and contractions of single groups of 
muscles and this excitement teeowes general. The respirations also 
become' slower aud more difficult, and sometimes there is well-marked 
dilatation of the vessels of the ears and fundi ‘mill. Convulsions close 

(. 87 J Circulation. — The effect. of the salt on the frog s heart was 
also" 5 studied in detail. It seems that, under the influence of a soluble 
salt of niclcd the heart heats more and more slowly it becomes smaller 
and paler and does not contract evenly throughout the whole extent of 
the ventricle; hut the rhythm of the ventricular and auricular con- 

tractions is never lost. , . . 

It is probable that there is a vaso-motor paralysis of the abdominal 

vessels • the blood-pressurc falls, and the heart is not stimulated by the 
blood itself as in its nonnal state. In support of this view, it is found 
that by either pressing ou the abdomen or simply inverting the frog, 
the heart swells up, fills with blood, ami for a time beats w ell. 

Hervous System.— The toxic action is referable to tne central 
nervous system, and not to that i*f pehpher.il motor nerve-endings or 
motor nerve-fibres. It is probable that both nickel and cobalt paralyse 
to some extent the cerebrum. The action on the nerve-centres is similar 
to that of platinum or barium, and -piite diilbivnt from that of iron 

, R79 Action on Striped Muscle.— Neither mekcl nor cobalt has 
,«..L h. a,i, Ihqy ««.„ from ; rs.,i« 

antimony, mercury, loud, and iron-all of which, in large doses, dimmish 
the work which healthy muscle is capable of perfurrmng. 

s 873. Separation of Nickel or Cobalt from the Organic Matters 
or Tissues.— It is very accessary, if any case of poisoning should occur 
by either or bath of those metals, to destroy completely the organic 
matters. Both nickel and cohalt arc thrown down if in the form of 
acetate, from a neutral solution by sulphuretted hydrogen ; hut the 
precipitation does not take place in the presence of free numeral acid 
hence in the routine process of analysis, sulphuretted hydrogen is 
int. off. The ,„,d 

is now made ulracwt neutral by potassic carbonate, and then potass o 
acetate added, and a current «f sulphuretted hydrogem passed thr oi g 
it. The sulpirides of cobalt and nickel, if both arc present, will be 
thrown down; under the same circumstances v-iuc, if presen 
also be precipitated. Cobalt is separated from vine by dissolving 
mixed sulphides in nitric acid, precipitating tlic carbonates ofzmc and 
cobalt by potassic carbonate, collecting the carbonates, and ' after wash 
ing) igniting them gently hi a bulb-tuhe in a current of dry hydrodiloi 
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aeitl ; volatile zm>- eliWet) 1 1 i m 1 •••• i, i‘ .-in* »'-••• 

chloride. 

S S71. Tit estimate 'ilphii. *'i eohaij iii iv !••• -r. —ft* f hi 

nitric licit I, and then itivnj.il .t.-i h\ ;.<ue not . . lie j. 3 .-- j-i'ni. 

washed, dried, iu'uit'-.l, and «i ; ; ;Lr l : I'm p.rt -»i l r 

((i, # .)l) l.i llltllllin- Cobalt. I I li-:>]l 1 • Jill 1 ll-rili l.vt.rl 

by II method t'W'iil iallv f.'illi lot >'|| .14.- }.l-.r|»iVf.| Irt i Tic l>l'i: 
tu-jil siilatiim i'f nit'lr.l auil ml nit tam-li noi-t fi>r ti-ii.r all rSi.- i 
uicUiIh, sure potassium <>r -n hour) i*» u>-arh iv iiiialis. •! la pot as 
ciu'lioiwfe, anti mixed wit Ii an ev* ,r ' hy-ii-ney.-tuir :>• i«l, mi il..:. » it i, 
pure must ic. potash. lit 1, in i\ lure »-> l«-ti v ■ ] »•»•*»— 1 m ? hr- an- m i. » i i* . -4 
dish for some hours, a tripnta i> . oh air.-r yani !e K 1 V.t \ • au i .» 
nieUi'lunintiUssir rvjineh- f-'K* v ( Nt* y s » -i -■ lit no-* a .v t 1 1 . r. i» > - 1 . l f 
this snliitimi is now Itt.iiol whli 1 hi.'h! > \>‘r a oi 1 m- * • . t< i>* i<si *■-«* «- . 
hydrated niekelnus *>\i»l<- i pve.-ij. iKtr-i, l.m ].>•). it -.*11 j«_> ii.i f. 
remains in solution, ami uiay !«• h)r<-i:*-*l Hi. l, .i >• uy uiiii: ir t ' 
the alkaline lilt rate with ml nr :>> td, awl addin;/ a ui>- u. r.i re o-n.am 
uitrati-, the ml wilt may llit-ii i"- jii ^ jri 1 .» t • d .*»« a iiHieor.oe •••■* '.ill* 
cyanide, which muy l»- rn||o »«-•!, «■.(>>;, .an - 1 , > 1 . .-••inj.-. ■ 4 iy imutton, 
and wci^licd as rnl tall tins mule. Aftm .drtaniiue hoJh >.e in 1 ml ■ -• 1 -ali 
oxides, or either of tlirm, they n.ay i-. - «a >ly i-h ulilii-i i.y tie ib..vja|>e 
Hit: oxide of nickel j»ivi , * I in 1 in- ■«\i‘li«iiii' ll.nn*- will* |.>.ra*. a y>- 5 h.wf-h 
rtsi jiltiss, hen lining |.nh'r a* it t},>- cMitesi of a jr.im amt. ut 

colours t lie lie.nl lihie. In the i*-hi> :! 1 ini tl,.- in. l al 1* i- in- • !, air-i 
Civil 1)0 seen 11s little yreyish jaiiieh s •ire.riuinat.-i tin-end. 'lie l*- a i 
Oolildt gives ail intense i.Iue etilxm t«. a l.i- el nj 1 ...l.i 1 in lie- nxl'leei,),; 
11 at 11(7. 


1 V. —TUHdUTTA TKl> liY AMMdN'II M SI U'lIlUK. 

Iron — Chromium Thallium - Aluminium — Uranium. 

I. IKON. 

§ 87 !). It, was < Irfila's opinion ilia, all the salts of uam »eia- jiore-u.im.. 
if jiivcu ill sutlieient, doses; l.m, h.i«-|< wilts »s the earls.uate. the jdion 
plitttar, and 11 few others, j)tis,u-ssin^ no lorul action, uaiy l.e e u <11 hi siuli 
very larjic lloses, witlumt. e.-uisn.e dist nrlauee t.t the health, that tin- 
statemont must, only hit taken as ji jij <ly in x to the more soluhle i r • *1 1 
compouiuls. 'Hie two prejiaratiiais of iron which have ju<y for.-nsie 
importauco arc the perehloride mid tlur sulphate. 

§87G, Ferric Chloride ( Ke./'l,. if -j:> / — Anhydrous fori it* cld'.ridi' 
will only he met with in the klmriitory. As a product of j... -an-- dry 
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chlorine over red-hot iron, it sublimes in brown scales, is very deli- 
quescent, and hisses when thrown into water. There are two very 
definite hydrates — one with 6 atoms of water, forming large, red, deli- 
quescent crystals; and another with 12 of water, less deliquescent, and 
crystallising in orange stellate groups. 

The pharmaceutical preparations in common use are ; — 

Stronger Solution of Perchloride of Iron (Liquor Fern Perchloridi 
Fortior). — An orauge-browu liquid of specific gravity 1 -42, and contain- 
ing about 58 per cent, of ferric chloride. 

Tincture of Perchloride of Iron (Tinctura Ferri Perchloridi), 
made by diluting 1 part of the strong solution with 1 volume of 
rectified spirit, and adding distilled water to measure 4. 

Solution of Perchloride of Iron (Liquor Ferri Perchloridi). — 
Simply 5 volumes of the strong solution made up to 20 by the addition 
of water ; hence, of the same strength as the tincture. 

§ 877. Effects of Ferric Chloride on Animals. — A very elaborate 
series of researches on rabbits, dogs, and cats was undertaken some 
years ago by MM. Bcrenger-Fcrraud and Porte* to elucidate the 
general symptoms and effects produced by ferric chloride under varying 
conditions. First, a series of experiments showed that, when ferric 
chloride solution was enclosed in gelatine capsules and given with the 
food of the animal, it produced either no symptoms or but trifling 
inconvenience, even when the dose exceeded 1 gnu, per kilogrm, ; 
mihydrous ferric chloride and the ferric chloride solution were directly 
injected into the stomach, yet, when food was present, death did not 
occur, and the effects soon subsided. In animals which were fasting, 
quantities of the solution equal to '5 grm, per kilogrm. and above 
caused death in from one hour to sixteen hours, the action being much 
accelerated by the addition of alcohol — as, for example, in the case of 
the tincture ; the symptoms were mainly vomiting and diarrhoea, some- 
times the vomiting was absent. I 11 a few cases the posterior extremities 
were paralysed, and the pupils dilated : the urine was scanty or quite 
suppressed ; death was preceded by convulsions, 

§ 878. Effects on Man, — Perchloride of iron in the form of tinc- 
ture has been popularly used in England, from its supposed abortive 
property, and is sold under the name of “ steel drops.” It has been 
frequently taken by mistake for other dark liquids; and there is at 
least one case on record in which it was proved to have been used for 
the purpose of murder, The latter case f is peculiarly interesting from 
its great rarity ; it occurred in Martinique in 1874-1876, no less than 

* 11 Etude sur l’empoisonnemeut par le perehlorure de fer,” par MM, Berenger- 
Ferraud et Porte,’ Annates d’Hygiine Publiquc , 1879. 
t Fully reported in Berenger-Fdrraud’s paper, loc. cit. 
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four persons being poisoned at different dates. All four were presumed 

to have had immoral relations with a certain widow X , and to have 

been poisoned by her son. In three of the four cases, viz., Cliar , 

Duf , and Lab , the cause of death seems pretty clear ; but the 

fourth, Ab , a case of strong suspicion, was not sufficiently in- 

vestigated. All three took the fatal dose in the evening, between eight 

and nine o’clock — Lab the 27th of December 1874, Duf the 

22nd of February 1876, and Char on the 14th of May 1876. 

They had all passed the day in tippling, and they all had eaten nothing 
from midday, so that the stomach would not, in any of the three, con- 
tain any solid matters. The chloride was given to them in a glass of 
"punch,” and there was strong evidence to show that the son of the 

widow X administered it. Char died after about thirteen 

hours’ illness, Duf and Lab after sixty-five hours’ illuess ; 

Ab lived from three to four days. With Char the symptoms 

were very pronounced in an hour, and consisted essentially of violent 
colicky pain in the abdomen, and diarrhoea ; but there was no vomiting. 

Duf had also great pain in the abdomen and suppression of the 

urine. Lab had most violent abdominal pains ; he was constipated, 

and the urinary secretion was arrested ; there was, besides, painful 
tenesmus, According to the experiments of Bcrenger-Fcxraud and 
Porte,* the perchloride in the above cases was taken under conditions 
peculiarly favourable for the development of its toxic action, viz., on an 
empty stomach and mixed with alcohol. 

There have been several cases of recovery from large doses of the 
tincture, e.g. that of an old man, aged 72, who had swallowed 85 cc. 
(3 ozs.) of the tincture j the tongue swelled, there were croupy respira- 
tion and feeble pulse, but he made a good recovery. In other cases,! 
28'3 c.c. (an ounce) and more have caused vomiting and irritation of 
the urinary organs, The perchloride is not unfrequeutly used to arrest 
haemorrhage as a topical application to the uterine cavity — a practice 
not free from danger, for it has before now induced violent inflammation 
and death from peritonitis, 

§ 879. Elimination of Iron Chloride, — Most of the iron is excreted 
in the form of sulphide by the faeces, and colours them of a black hue ; 
•a smaller portion is excreted by the urine, 

§ 880, Post-mortem Appearances. — In the experiments on animals 
already referred to, the general ehanges noted were dryness, pallor, and 
parchment-like appearance of the cavity of the mouth, the mucous mem- 
brane being blackened by the contact of the liquid, The gullet was pale 

* Dub. Med , Press, February 21, 1849, 

t Provincial Journal, April 7 and 21, 1847, p. 180 ; see also Taylor’s Principles 
and Practice of Medical Jurisprudence, vol. i. p, 320, 2nd edition. 
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and dry, not unfrequently covered with a blackislflMayer. The mucous, 
membrane of tlie stomach was generally healthy thiwghortt? but,- 
dose was large and very concentrated, there might be one or more 
hyp Grannie spots ; otherwise, this did not occur. The internal surface 
of the intestines, .similarly, showed no inflammation, but was covered 
with a brownish coating which darkened on exposure to the air. The 
liver, in all the experiments, was large and gorged with black aud fluid 
blood ; there were ecchymoses in the lungs, and venons congestion. The 
kidneys were usually lryperaemic, and contained little haemorrhages. 
There was also general encephalic engorgement, and in one experiment 
intense congestion of the meninges was observed. Few opportunities 
have presented themselves for pathological observations relative to the 
effects produced by ferric chloride on man. In a case related by Chvisti* 
son, in which a niau swallowed 42'4 c.c. (1-J ox.) of the tincture, and 
died in five weeks, there was found thickening and inflammation of the 
pyloric end of the stomach 

The case of Char , already alluded to, is that in which the most 

complete details of the autopsy are recorded, and they coincide very fairly 
with those observed in animals ; the tongue was covered with a greenish 
fur, bordered at the edges with a black substance, described as being like 
“ mud ” ; the lining membrane of the gullet was pale, but also covered 
with this dark “mud.” The stomach contained a greenish*black liquid ; 
the liver was large and congested ; the kidneys were swollen, congested, 
and ecchymosed ; the cerebral membranes were gorged with blood, and 
the whole brain hypenemic. 

§ 881. Ferrous Sulphate, Copperas, or Green Vitriol, FeS0 4 7H,,0 
= 152+126; specific gravity, anhydrous, 3'138; crystals, 1'857 ; coin- 
position in 100 parts, FeO, 25‘92 ; S0 3 , 28'77 ; H 2 0, 45'32, — The salt 
is in beautiful, transparent, bluish • green, rhomboidal prisms, The 
crystals have an astringent, styptic taste, are insoluble in alcohol, but 
dissolve in about 1'5 times their weight of water; the commercial 
article nearly always responds to the tests, both for ferrous and ferric 
salts containing a little persalt. The medicinal dose of this salt is 
usually given as from '0648 to ‘324 gnu. (I to 5 grains), but it has 
been prescribed in cases requiring it in gramme (14'5 grains) doses with- 
out injury, Sulphate of iron has many technical applications — is am 
ployed by all shoemakers, and is in common use as a disinfectant. The 
salt lias been employed for criminal purposes in France, and in this 
country it is a popular abortive. In recorded eases the symptoms, as 
well as the pathological appearances, have a striking resemblance to 
those produced by the chloride, There are usually colic, vomiting, and 
purging ; but in one ease (reported by Chevallier), in which a man gave 
a large dose of sulphate of iron to his wife, there was neither vomiting 
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nor colic ; the woman lost her appetite, but slowly recovered. Probably 
the action of ferrous sulphate, like that of tlie chloride, is profoundly 
modified by the presence or absence of food in the stomach. Anything 
like 28 - 3 grms. (an ounce) of sulphate of iron must be considered a 
dangerous dose, for, though recovery has taken place from this quautity, 
the symptoms have been of a violent kind. 

§ 882. Search for Iron Salts in the Contents of the Stomach, etc. 
— Iron, being a natural component of the body, eare must be taken not 
to confound the iron of the blood or tissues with the “iron ” of a soluble 
salt. Orfila attempted to distinguish between the two kinds of iron by 
treating the couteuts of the stomach, the intestines, and even the tissues, 
with cold acetic acid, and allowing them to digest in it for many hours 
before filteriug and testing for iron in the filtrate, and this is generally 
the process which has been adopted. The acid filtrate is first treated 
with sulphuretted hydrogen, which gives no precipitate with irou, and 
then with sulphide of ammonium, which precipitates iron black. The 
iron sulphide may be dissolved by a little hydrochloric acid and a drop 
of nitric acid, and further identified by its forming Prussian blue when 
tested by ferrocyanide of potash, or by the bulky precipitate of oxide, 

when the acid liquid is alkalised by ammonia. In the case of Duf , 

the experts attempted to prove the existence of foreign iron in the liver 

by taking 100 grms, of Duf ’s liver and 100 grms. of the liver of a 

non ‘poisoned person, and destroying each by nitro'inuriatic acid, and 

estimating in each acid solution the ferric oxide. Duf ’s liver yielded 

in 100 parts ‘08 mgrm. of ferric oxide, the normal liver '022— nearly 
three times less than Duf ’s. 

To obtain iron from the urine, the fluid must be evaporated dowu to 
a syrup iu a platinum dish, a little nitric acid added, heated, and finally 
completely carbonised, The residue is dissolved in hydrochloric acid. 
Normal urine always contains an uuweighable trace of iron ; and, there- 
fore, any quantity, such as a mgrm. of ferric oxide, obtained by careful 
precipitation of the hydrochloride acid solution out of 200 to 300 c.c. of 
uriue, would be good evidence that a soluble salt of iron had been taken. 
The hydrochloric acid solution is first precipitated by ammonia and 
ammonic sulphide, The precipitate thus obtained will not be pure 
iron sulphide, but mixed with the earth phosphates. It should be 
redissolved in HC1, precipitated by sodic carbonate, then acidified by 
•acetic acid and sodic acetate added, and the solution well boiled ; tlie iron 
will then be precipitated for the most part as oxide mixed with a little 
phosphate of iron. 

Since, as before mentioned, a great portion of the iron swallowed as a 
soluble salt is converted into insoluble compounds and excreted by tlie 
feeces, it is, in any case where poisoning by iron is suspected, of more 
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importance to examine chemically the feces and the whole length of the 
alimentary canal, than even the contents of the stomach. In particular, 
any black material lying on the mucous membrane may be sulphide of 
iron mixed with mucus, etc., and should be detached, dissolved in a little 
hydrochloric acid, and the usual tests applied. 

In the criminal cases alluded to, there were iron stains on certain linen 
garments which acquired an importance, for, on dissolving by the aid of 
nitric acid, they gave the reactions of chlorine and iron. Any stains 
found should be cut out, steeped in watev, and boiled. If no iron is dis- 
solved the stain should then be treated with dilute nitric acid, and the 
liquid tested with ferrocyanide of potash, etc. It need scarcely bo 
observed that iron-mould is so common on shirts and any fabric capable 
of being washed, that great care must be exercised in drawing conclusions 
from insoluble deposits of the oxide. 

2. CHROMIUM. 

§ 883. Tire only salts of chromium of toxicological importance are tho 
neutral chromate of potash, the bichromate of potash, and the chromate 
of lead. 

Neutral Chromate of Potash, Cr0 3 K 2 0 = 194- 7, containing 56'7 per 
cent, of its weight of chromic anhydride, CrO„, — This salt is in the 
form of citron -yellow rhombic crystals, easily soluble in water, but 
insoluble in alcohol. Its aqueous solution is precipitated yellow by lead 
acetate or basic acetate ; the precipitate being insoluble in acetic acid. 
If chromate of potash itr solution is tested with silver nitrate, the red 
chromate of silver is thrown down ; the precipitate is with difficulty 
soluble in dilute nitric acid. 

§ 884. Potassic Bichromate, Cr 2 0 G K 2 0 = 295 - 2, containing 68'07 per 
cent, of its weight of chromic anhydride, Cr0 3 . This salt is in beautiful 
large, red, transparent, four- sided tables; it is anhydrous aud fuses below 
redness. At a high temperature it is decomposed into green oxide of 
chromium and yellow chromate of potash. It is insoluble in alcohol, but 
readily soluble in water, The solution gives the same precipitates with 
silver, lead, and barium as the neutral chromate. On digesting a solu- 
tion of the bichromate with sulphuric acid and alcohol, the solution 
becomes green from the formation of chromic oxide. 

§ 885. Neutral Lead Chromate, PbCr0 4 = 323 - 5, composition in 100 
parts, PbO, 68 - 94, Cr0 3 , 3P06, — This is technically known as n Chrome 
Yellow ,” and is obtained as a yellow precipitate whenever a solution of 
plumbic acetate is added, either to the solutions of potassic chromate or 
bichromate ; by adding chrome yellow to fused potassic nitrate, “ chrome 
red” is formed; it has the composition Cr0 3 21’bO. Neutral lead 
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buccal secretion gets rid of most of the poison, and in that case but little 
ill effect is experienced ; but those who keep the mouth closed and inspire 
by the nose, suffer from an inflammation of the septum, which gradually 
gets thin, and ultimately ulcerated ; finally the whole of the septum is in 
this way destroyed. It is stated that when a workman has lost hisuasal 
septum, he no longer suffers from nasal irritation, and has a remarkable 
immunity from catarrh. The Chemical Works Committee of Inquiry 
report (1893) that the manufacture of bichromate of potash or soda is 
practically in the hands of three firms at Glasgow, Rutherglen, and Fal* 
kirk, and that they visited all of them, and found “ that almost all the 
men working where dust was prevalent, more especially between the fur- 
naces and the dissolving tanks, had either perforation of the septum of 
the nose, or had lost the septum altogether.” The bichromate also causes 
painful skin affections — eruptions akin to eczema or psoriasis ; also very 
deep and intractable ulcerations. These the workers call “ chrome holes.” 
These cutaneous maladies start from an excoriation ; so long as the skin 
is not broken, there seems to be little local effect, if any. The effects of 
the bichromate are also seen in horses employed at the factories ; the 
salt getting into a wound or crack in the leg, produces ulceration : horses 
may even lose their hoofs. 

§ 8-39. Acute poisoning by the chromates is rare. Iu the ten years 
endiug 1903, iu England and Wales, 14 accidental and 2 suicidal deaths 
are ascribed to preparations of chromium. Falck has, however, been 
able to find in medical literature 17 cases, G of which were suicidal, 10 
accidental, and in one the bichromate was used as an abortive. In a 
case of poisoning by the chromate of potash (related by Maschka),* in 
which a woman, aged 25, took for a suicidal purpose a piece of potassic 
chromate, which she described as the size of a lnizel-nut (it would pro- 
bably be at least 6 grms. in weight), the chief symptoms were vomiting, 
diarrhoea, pain in the stomach, and rapid collapse ; death took place 
fourteen hours after swallowing the poison, 

In poisoning by potassic bichromate, there may be much variety iu 
the symptoms, the more usual being those common to all irritant 
poisons, i.e, vomiting, diarrhoea, and collapse, with cramps iu the limbs 
and excessive thirst ; and the rarer affecting more especially the nervous 
system, such as narcosis, paralysis of the lower limbs, and dilatation of 
the pupils ; occasionally there is slight jaundice. 

In a case recorded by Dr, M!acniven,t a man took a lump of bicliro- 

* Prayer Vicrtcljahrsschr. f d, prald, Heilh , Bd. 131, § 37, 1877 ; Schmidt’s 
Jahrb, 1878, Bd. 178, § 237. See also Schueliardt in Masclika’s Handbiith , Bd. ii, 
P‘ 3. 

t "On a case of Poisoning with Bichromate of Potash, 1 ' by Ed. 0. Macnivcn, 
M.B., Lancet, Sept, 22, 1883, 
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mate of potash., estimated to be over 2 drachms (7'7 grms, ). The 
symptoms commenced in fifteen minutes, and consisted of lightness in 
the head, and a sensation of great heat in the body, which was followed 
by a cold sweat ; in twenty minutes he vomited ; he then suffered from 
great pain in the stomach, giddiness, specks before the eyes, a devouring 
thirst, and there was loss of power over the legs. These symptoms, 
again, were followed by severe rigors and great coldness of the ex- 
tremities. On the patient’s admission to hospital, two hours after 
taking the poison, it was noted that the pupils were dilated, the face 
pale and cold, and the pulse feeble. He complained of intense 
epigastric pain, and a feeling of depression ; there was some stupor ; 
the stomach was emptied by emetics and by the stomach-pump, and 
the patient treated with tepid emollient drinks, whilst subcutaneous 
doses of sulphuric ether were administered. He made a good recovery. 

In a case recorded by Mr, Wilsou,* a man, aged 64, was found dead 
in his bed twelve hours after he had gone to rest. During the night he 
was heard to snore loudly ; there were no signs of vomiting or purging, 
and bichromate of potash was found in the stomach, f 

§ 890. Chromate of lead has also caused death. In one case the 
breathing of chromate of lead dust seems to have been fatal ; and there 
is also a double poisoning recorded by Dr. Linstow,§ of two children, 
aged three and a half and one and three-quarter years respectively, who 
ate some yellow ornaments, || which were used to adorn a cake, and 
which contained chrome yellow (chromate of lead). The younger died 
in two and the elder in five days, The symptoms were redness of the 
face, dulness, and an inclination to sleep ; neither complained of pain ; 
the younger one had a little diarrhoea, but the elder neither sickness nor 
purging. 

In Guy’s Hospital Reports for 1897, Dr, Watson Smith records the 
poisoning of a grocer, aged 31, by lead chromate supposed to have been 
taken in home-made wine which had been standing in a lead-glased 
earthenware pan, The man became jaundiced ; the urine was of a dark 
colour, but gave no bile reaction. There was vomiting and obstinate 
constipation, The tongue showed bluish-black pigmentation along the 

* Med, Gazette, vol, xxxiii, 734. 

■\ See also eases recorded by Dr, M'Lachlan, Glasgow Med . Journ, , July 1881 ; 
Dr. M ‘Crone, ibid . , May 1881; Dr, E, A. Warwick, Lanect, Jau. 31, 1880; and 
Dr. Dunbar Walker, ibid., Sept. 27, 1879 — a summary of all of which may be found 
in Dr, Macuiven’s paper, loe. eit. 

X Ucber todtlieJie Vcrgiftung c lurch Mmtlmeu r les Staubes von wit Chronisciuren 
Blei-Oxyde gef&rbtai Game — Viertelj ahrsschr, f yer. Med., 1877, Bd. xxvii. Hft. 
i, p, 29, 

§ Ibid , , Bd, xx. s. 60, 1874, 

II The ornaments were imitations of bees ; each contained -27 grm. gum traga- 
eantli, '0042 grm, neutral lead chromate, 
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left margin of the dorsum resembling “somewhat the appearance 
of an ill-shaven chin in a person of dark complexion.” The man 
recovered. 

§ 891. Post-mortem Appearances, — We possess some very exact 
researches * upon the pathological changes induced by subcutaneous 
injections of solutions of potassic bichromate on animals, and especially 
on the changes which the kidneys undergo. If the animal is killed, or 
dies a few hours after the injection, there are apparently no striking 
appearances ; but a closer microscopical examination shows considerable 
changes. The epithelium of the tubuli oontorti exhibits a yellow 
cloudiness, and the outline of the cells is irregular and jagged. 

The glomeruli are moderately injected, and their capsules contain 

an albuminous exudation ; the canaliculi are filled with round cells 

imbedded in a fluid which, on heating, coagulates, and is therefore 

albuminous or fibrinous — probably this is the first stage of the forma- 
tion of fibrinous casts. 

In the case quoted of the woman who poisoned herself with potassic 
chromate, very striking changes were found in the stomach and intes- 
tines. The stomach contained above a litre of dark chocolate fluid of 
alkaline reaction ; the mucous membrane, in the neighbourhood of the 
cardiac and pyloric extremities, was swollen and red in sharply defined 
patches; portions of the epithelial layer were detached, the rest of the 
mucous membrane was of a yellow-brown colour, and the whole intestine, 
from the duodenum to the sigmoid flexure, was filled with a partly 
bloody, partly treacly-looking fluid ; the mucous membrane, throughout 
its entire extent, was swollen, witl^ numerous extravasations, and in 
places there were losses of substance, Similar appearances to these have 
been found in other instances ; the anomalous case recorded by Mr. 
Wilson (ante) is an exception, In this instance a pint of inky, tiu'bid 
liquid, which yielded to analysis potassic bichromate, was found in the 
stomach ; but there were no marked changes anywhere, save a slight 
redness of the cardiac end of the gullet. In Linstow’s two cases of 
poisoning by lead chromate, there were found in both fatty degeneration 
of the liver cells, and red points or patches of redness in the stomach 
and intestines, In the elder boy the changes in the duodeuum were 
very intense, the mucous membrane was swollen and easily detached, in 
the upper part strongly injected with blood ; in one place there was a 
perforation, and in several places the membrane was extremely thin, 
In the younger boy the kidneys seem to have been normal, in the 
elder congested and containing pus. Although it was clear that 
the two children died from lead chromate, a chemical analysis gave 
no result. 


C. Posner, op. cit. 
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§ 892. Detection of the Chromates and Separation of the Salts 
of Chromium from the Contents of the Stomach, etc. — If in the 
methodical examination of an acid liquid, which has been already 
filtered from any precipitate that may have been obtained by sulphur- 
etted hydrogen, this liquid is made alkaline (the alkali only being 
added in slight excess), and hydrated chromic oxide is thrown down 
mixed, it may be, with other metals of the second class, the pre- 
cipitate may then be fused with nitre and potassic carbonate, and will 
yield potassic chromate, soluble in water, and recognised by the red 
precipitate which it gives with silver nitrate, the yellow with lead 
acetate, and the green colour produced by boiling with dilute 
sulphuric acid and a little alcohol or sugar. If by treating a com- 
plex liquid with ammonium hydrosulphide, sulphides of zinc, manga- 
nese, and iron are thrown down mixed with chromic oxide, the same 
principles apply. If a chromate is present in the contents of the 
stomach, and the organic fluid is treated with hydrochloric acid and 
potassic chlorate, chromic chloride is formed, and dissolving imparts a 
green colour to the liquid — this in itself will be strong evidence of the 
presence of a chromate, but it should be supplemented by throwing 
down the oxide, and transforming it in the way detailed into potassic 
chromate, 

A general method of detecting and estimating both chromium and 
barium in organic matters has been worked out by L. de Koningh.* 
The substances are burned to an ash in a platinum dish. The ash is 
weighed ; to the ash is added four times its weight of potassium sodium 
carbonate and the same amount of potassium nitrate ; and the whole is 
fused for fifteen minutes, The fused mass is boiled with water and 
filtered ; if chromium is present, the filtrate is of a more or less pro- 
nounced yellow colour, but manganese may produce a green colour and 
mask the yellow ; this colour is removed by boiling with a little 
alcohol. The liquid is concentrated down to 20 c.c., filtered into a 
test-tube, and a colorimetric estimation made of the chromium present 
by imitating the colour by a solution of potassium chromate of known 
strength, To prove that the colour is really due to chromium, acetic- 
acid and lead acetate are added, when the yellow chromate of lead is 
at once thrown down. (If lead was in the ash, a yellow precipitate 
may appear on the addition of acetic acid.) To the portion of ash 
insoluble in water strong hydrochloric acid is added, and to the acid 
solution a large excess of calcium sulphate is added ; this precipitates 
barium as sulphate free from lead sulphate, for, if the latter should 
be present, it does not, under the circnmstances, come down, being 
soluble in strong hydrochloric acid. 

* Arch, jPharm, (3) r xxvii. 944, 
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3. THALLIUM. 

§ 893, Thallium was discovered by Crookes to 1861. Its atomic weight is 204 ; 
specific gravity, 11‘81 to 11 ‘91 ; melting. point, 290°. It is a heavy diamagnetic 
metal, very similar to lead iu its physical properties. The nitrate and sulphate of 
thallium are both soluble in water ; the carbonate less so, requiring about 25 parts 
of water for solution ; while the chloride is sparingly soluble, especially in hydro, 
chloric acid. 

§ 894. Effects. — All the salts of thallium are poisonous. One of the earlier 
experimenters on the physiological action, Panlet, found 1 grm. (15 '4 grains) of 
thallium carbonate sufficient to kill a rabbit in a few hours ; there were loss of mus- 
cular power, trembliug of tire limbs, and death apparently from asphyxia. Lamy * 
used thallium sulphate, and found that dogs were salivated, and suffered from 
trembling of the limbs, followed by paralysis. The most definite results were 
obtained by Mamie, t who found that '04 to '06 gnn. of a soluble thallium salt, 
injected subcutaneously or directly into the veins, and '5 grm. administered through 
the stomach of rabbits, caused death. The action is cumulative, and something 
like that of mercury ; there are redness and swelling of the mucous membrane of the 
stomach, with mucous bloody discharges ; haemorrhage may also occur from the 
lnngs. Thallium is eliminated through thenrine, and is also found in the faeces ; it 
passes into the urine from three to five minutes after injection ; the elimination is 
slow, often taking as long as three weeks. It has been found iu the milk, in the 
tears, in the mucous membrane of the uioutli, of the trachea, in the secretion of the 
gastric mucous membrane, and in the pericardial fluid ; and in these places, whether 
the poison has beeu introduced by subcutaneous injection, or by any other channel. 
It seems probable that the reason of its being detected so l'eadily in all the secretions 
is the minute quantity which can be discovered by spectroscopic analysis, 

§ 895, Separation of Thalltum from Organic Fluids or Tissues, — The salts of 
thallium, if absorbed, would only be extracted in traces from the tissues by hydro, 
chloric acid, so that, in any special search, the tissues are best destroyed by either 
sulphuric or nitric acid, or both. In the ordinary method of analysis, when an acid 
liquid is first treated with sulphuretted hydrogen, and then made alkaline by 
ammonia and ummouie sulphide, thallium would be thrown down with the manganese 
and iron of the blood. From the mixed sulphides, thallium may be separated by 
oxidising and dissolving the sulphides with nitric acid, evaporating oil the excess of 
acid, dissolving iu a very little hot water, and precipitating thallous chloride by 
solution of common salt. The ease, iiowever, with which thallium may he separated 
from solutions of its salts by galvanism is so great as to render all other processes 
unnecessary 1 the best way, therefore, is to obtain a deposit of the metal on platinum 
by a current from one or more cells, and then to examine the deposit spectroscopically, 
Thallium gives, when heated iu a Bunsen llame, a magnificent green line, the centre 
of which corresponds with wave length 534'9 ; a second green line, the centre of 
which coincides with W.L, 568, may also be distinguished, 


4, ALUMINIUM, 

§ 896. Aluminium and its Salts, — A strong solution of acetate of 
alumina has irritant properties, and has given rise to accidents, The 
term alum, in a chemical sense, is given to a clas of bodies of the 
type of A1KS0 4 . Common alum is at the present time ammonia alum, 
Ckem. News, 1863, 

t Giittinger GclehH. Nachrwhten , Aug, 14, No, 20, 
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NH 4 A1(S0 4 ), 3 + 12H 2 0 ; when made anhydrous by heat it is known by 
the name of burnt alum, and possesses caustic properties. 

§ 897. Action of Alum Salts, — Death or illness has hitherto only 
taken place from the ingestion of large doses of alum or the acetate, and 
the symptoms in these cases have been those of an irritant poison ; we 
are, however, indebted to Paul Siem * for a research on the absorbed 
substance, in which the local effects as far as possible have been 
reduced. 

Siem’s research was made on frogs, cats, and dogs. For frogs he 
employed a double salt, consisting of sodic and alnminic lactate, to which 
he ascribed the formula Al^CjH^^CjHjNaOjjj, equal to 15 2 per 
cent, of A1.,0 3 . Twenty to thirty mgrms., administered by subcutaneous 
injection to frogs, caused death in from ten to twenty 'four hours. After 
the injection there was restlessness, and, ultimately, general paralysis of 
the central nervous system. The circulation was not affected ; the heart 
was the last to die. 

For warnr blooded animals he used the double tartrate of sodium and 
aluminium, Beginning with a small dose subcutaneously administered, 
he gradually increased -it, and found, under these circumstances, that 
the lethal dose for rabbits was 0'3 grin, per kilo, of body weight ; for 
dogs 0"25 grm., and for cats 0 - 25 to 0'28 grm. ; if, however, a single 
dose was administered, then cats could be killed by 0'15 grm, per kilo. 
The symptoms commenced ten to twelve hours after the injection of a 
large dose, but with a medium dose the symptoms might be delayed for 
from three to four days ; then there was loss of appetite, constipation, 
emaciation, languor, and a disinclination to move. Vomiting and loss 
of sensation to pain followed, the power of swallowing even saliva was 
lost, and a condition supervened similar to bulbar paralysis. However 
true this picture may be when large doses are given subcutaneously, it 
does not follow that hydrate of alumina in small doses, given by the 
mouth, mixed with food, produces any symptoms whatever. 

Alum baking'powders, containing from 30 to 40 per cent, of alum 
mixed with carbonate of soda, used to be found iu commerce, and for a 
long time many tons were sold yearly ; it is not usual at present to 
meet with an alum baking-powder, When water is added to such 
powders decomposition takes place, the result being sodic sulphate and 
aluminic hydrate, carbonic acid being given off. Were the hydrate, in 
small doses, capable of producing indigestion or disease of the central 
nervous system, it seems astonishing that, considering the enormous 
number of persons who have used alum baking-powders, there should 
not be some definite evidence of its effect. The senior author and his 

* Veber die WirTtuncien des Aluminiums u, Berylliums, Inaug. Biss,, Dorpat, 
1886; Schmidt’s Jahrbuck, vol, ccxi, 128. 
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family for mouths together ouce used alum baking-powders without any 
apparent inj ury ; and there is little doubt that alumina hydrate passes 
out of the system mainly by the bowel, without being absorbed to any 
great extent. In a trial with regard to au alum baking-powder at 
Pontypridd (1893), the prosecution advanced the theory, and supported 
it by eminent scientific opinion, that aluminium hydrate was dissolved 
by the hydrochloric acid of the gastric juice, forming chloride of 
aluminium, some of which might be absorbed and enter the circulation ; 
that which was not absorbed in the stomach passed on, and, meeting 
the alkaline fluids of the intestines, was again separated as aluminium 
hydrate, aud as such absorbed. 

If this does occur, still there is no direct evidence of its toxic influ- 
ence in the small quantities used in baking-powder. It may be pointed 
out, also, that with regard, to the possible lethal effect of a non-corrosive 
salt of alum, presuming that the lethal dose for' man is the same as that 
for a cat, the amount of alumina to kill a 68 -kilogramme man would 
have to be equal to 17 grms., or about 3 ozs., of ammouia alum. This 
important question can only be settled by careful feeding of animals 
carried on for a long period of time. 

§ 898. Post-mortem Appearances. — In the few cases in which 
persons have been killed by large doses of alum or its salts there 1 have 
been found corrosion of the nrorrth, throat, and stomach, and hypersernia 
of the kidneys and intestine. In the animals experimented upon by 
Paul Sian, hyperremia of the intestine, fatty degeneration of the liver, 
and hyaline degeneration of the kidneys were the chief changes noted. 

>5 899. Detection of Alumina, — In all operations for the detection 
of alumina, glass aud porcelain vessels are to be avoided. The sub- 
stances should be burned to air ash in a platinum dish, the ash treated 
with hydrochloric acid, the acid driven oft' by heat, and a few drops of 
iritric acid added, aud dissolved in hydrochloric acid, and the solution 
boiled and filtered. If organs of the body are operated upon, iron and 
phosphoric acid will be present in the ash ; this will, indeed, be tire case 
with most organic substances, The filtered solution is boiled, and, 
while boiling, poured into a strong solution of sodic hydrate contained 
in a silver or platinum dish ) the iron will now separate as oxide, and 
can be filtered off. To the filtrate is added a little sodic phosphate ; it 
is then feebly acidified with hydrochloric acid, and ammonia added just 
sufficient to render it alkaline ; a light whitish cloud of alumina phos- 
phate, shortld alumina be present, is thrown down, and can he collected, 
thoroughly washed, dried, ignited, and weighed as alumina phosphate.* 
The alumina phosphate is then fused with sodic sulphate in a platinum 

* One part of al, phosphate is equal to 0'42 AL^, 3'733 ammonia alum, and 
4'481 potash alum, 
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the pyrotechnist, the oxide and the carbonate in the manufacture of 
glass. The chromate is used by artists under the name of “ yellow 
ultramarine,” while the sulphate, technically known as “permanent 
white,” is, on account of its weight and cheapness, occasionally used as 
an adulterant of white powders and other substances. Barium sulphide, 
under various names, such as Bottcher’s depilatory, Thompson’s hair 
destroyer, Poudre epilatoire, aud other names, is in commerce, and has 
caused poisonous symptoms.* 

§ 903. Chloride of Barium, BaCl 2 2H 2 0 = 208 + 36 — anhydrous, Ba, 
65'86 per cent. ; Cl, 34T4 ; specific gravity, 3‘75 — is iu commerce in the 
form of white, four-sided, tabular crystals ; water dissolves about half its 
weight at ordinary temperatures, three-fourths at 100°. Its solution 
gives a white precipitate with sulphuric acid, quite insoluble in water 
and nitric acid. 

The salt imparts a green hue to an otherwise colourless flame ; 
viewed by the spectroscope, green bands will be visible. We may 
note that chloride of barium gives two different spectra — -the one 
at the moment of the introduction of the salt, the other when the 
substance has been exposed for some time to a high temperature. 
This is caused by a rapid loss of chlorine, so that the first spectrum 
is due to BaCI.,, with a variable mixture of BaCl, the second to 
BaCl alone. 

§ 904. Baric Carbonate, BaC0 3 = 197 — specific gravity, 4'3 ; BaO, 
77‘69 per cent.; C0 2 , 22 31 — in its native form termed Withente, is a 
dense, heavy powder, insoluble in pure water, but dissolving in acetic, 
nitric, and hydrochloric acids, the solution giving the reactions of 
barium, 

A rat-poison may be met with composed of baric carbonate, sugar, 
and oatmeal, flavoured with a little oil of aniseed and caraway. 

§ 905, Sulphate of Barium, BaS0 4 — specific gravity, 4'59 ; BaO, 
65 '66 per cent.; S0 8 , 34‘34 per cent, — is a pure white powder when 
recently precipitated, absolutely insoluble In water, and practically 
insoluble in cold dilute acids It is quite unalterable in the air 
at a red heat ; on ignition with charcoal it may be converted almost 
entirely into sulphide of barium, and by ignition with CaCl 2 into 
chloride, 

§ 906, Effects of the Soluble Salts of Barium on Animals, — One 
of the early notices of the poisonous characters of barium compounds 
was by James Watt,f who found that Withente, given to dogs, produced 

* Barium carbonate and sulphate are usually enumerated as occasional adulter- 
ants of bread, but there is no modem autlienttc instance of this. 

t Memoirs of the Literary and Philosophical Society of Manchester, 1790, vol. iii. 
p. 609. 
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§ 907. Effects of the Salts of Barium on Man. — There were about 
fifteen eases of poisoning by barium salts on record by the end of 1883 
— three of which were suicidal, but most of them were due to accident 
or mistake ; one accidental death is also recorded in the ten years ending 
1903. In three cases, barium chloride was taken instead of Glauber’s 
salts ; in one, instead of Carlsbad salts ; in another, a mixture of barium 
nitrate and sulphur, instead of pure sulphur ; in a sixth case, a mixture 
of barium acetate and raspberry syrup, instead of sodic ethylsulphate ; 
in a seventh, a chemist put a larger dose than was ordered by the pre- 
scription; and in four cases barium carbonate had been mixed with 
flour, and this flour used in the nuking of pastry. Of the cases, 60 per 
cent, proved fatal. 

Fatal Dose. — The recorded cases of poisoning have not satisfactorily 
settled the question as to the least fatal dose of the barium salts : 6'5 
grins, (about 100 grains) of the chloride have destroyed the life of an 
adult woman in fifteen hours ; 14 grms. (J oz.) of the nitrate of baryta 
have killed a man in six and a half hours ; and the carbonate of baryta 
has destroyed a person in the relatively small dose of 3'8 grms. 
(60 grains), On the other hand, certain Continental physicians have 
prescribed barium chloride in large medicinal doses; for example, 
Pirondi * and Lisfranc t have gradually raised the dose of barium 
chloride from 4 decigrams up to 3 grms. (48 grains) daily, given, of 
course, in divided doses, Piroudi himself took in a day 7*7 grms. (119 
grains) without bad effect, 

§ 908, Symptoms. — The local action of barium salts must be sharply 
distinguished from the action of the absorbed salts. Robert divides the 
symptoms into seven groups : — 

(1) Local, consisting in ma/,aise, nausea, salivation, vomiting, and 
pain iu the stomach. This group merges so much into the next as 
hardly to admit of precise separation. 

(2) Excitation of the alimentary canal, both of the nervous 
and muscular apparatus ; hence vomiting, painful colic, and acute 
diarrhoea. All these phenomena may be produced in animals by 
subcutaneous injection, and, therefore, do not depend alone upon 
local action. 

(3) Excitation of the brain motor centres, which leads to convulsions, 
or may result iu paralysis. About half the recorded cases of barium 
poisoning in the human subject have been convulsed ; the other half 
paralysed. In one case mania resulted. 

(4) Weakness or destruction of the power of muscular contraction ; 
this produces in frogs, when the muscular test movements are recorded 

* De la Tvmewr Blanche de Genera, ed, 2, Paris, 1836. 
t Gas, Mid. de, Paris, 1835, No, 14, 
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graphically, a veratrin-like convulsion curve. In the human subject the 
effect is that of great muscular weakness. 

(5) Digitaliu-like influence on the heart and blood-vessels, showing 
itsdf iu great slowing of the pulse, prsccordial anxiety, and strong 
beat-ing of the heart (not only sensible to the patient, but which 
can be heard and felt by the bystanders). The arteries are incom- 
pressible and rigid, the blood-pressure strikingly raised. The blood- 
vessels of old people do uot stand the pressure, hence hsemorrhages 
in the luugs, stomach, and other organs. Frogs die with the heart 
in systole. 

(G) Catarrhal affection of the conjunctiva, the mucous membrane of 
the respiratory tract, and the nose. 

(7) Formation of insoluble baryta salts in the blood-vessels, accord- 
ing to Oustun. This has not been observed in man, and the fact is 
disputed (see ante). 

In Dr, Tidy’s case,* in which a man, suffering from rheumatism, but 
otherwise healthy, took a mixture of barium nitrate, flowers of sulphur, 
and potassic chlorate, instead of sulphur, the symptoms were blisters on 
the tongue, a burning paiu in tire gullet and stomach, with vomiting, 
diarrhoea, convulsions, aphonia, and coldness of the extremities. A case, 
copiously detailed by Seidel, t iu which a pregnant woman, 28 years 
old, took carbonate of baryta for the purpose of self-destruction, is in- 
teresting. She prolmhly took the poison some little time before six in 
the c veuing ; she vomited and had great pain in the stomach, but slept 
during the night without further sickness. The next morning, after 
drinking sonic coffee, tho sickness was renewed ; nevertheless, at 7 a.m., 
she repaired to her employment, which was distant an hour’s walk ; she 
probably suffered much on the way, for she did not arrive until 9 a.m. 
The vomiting, accompanied by diarrhoea, continuing, she was sent to 
bod at 2 i'.,u. Him was very cold, and complained of great weakness; 
the vomiting now ceased, At 8 v.M, she shivered violcutly, conld 
scarcely swallow, and the respiration was oppressed. At 11 she 
seemed a little improved; but at 3 a.m. sho was foimd much worse, 
breathing rapidly, but fully conscious ; at 4 a.m. she was again seen, 
but found dead : she thus lived about thirty-four hours after taking 
the fatal dose. 

§ 909. Distribution of Barium in the Body, — Neumann lias shown 
that after repeated injection of iusolnldc barium sulphate into the veins 
of rnbhits, barium is to be found iu the liver, kidneys, spleen, and 
spinal cord, but not iu the muscles, thymus, or 1 train. G. Linossier { 

* Plcarm. Jaurn., Juno 1808, 

1 En!i!iils-rg r K PicrUljtiJir.tiehrif/. /. </<:»•, Med., Ud. xxvii., § 213. 

+ Cmnpt . rend. Sac. Biol. (8), iv. 122-123. 
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has made a similar series of experiments, but with tli ecarbonate, and 
this salt was injected into animals for a period of thirty days. All the 
organs contained some barium : lungs, muscles, and the heart only con- 
tained traces j the liver rather more ; the kidneys, brain, and spinal cord 
still more ; and, lastly, the bones a considerable quantity, as much as 
0'056 per cent. 

§ 910. Post-mortem Appearances. — The post-mortem appearances 
are usually changes in the stomach and intestinal tract, but there are 
only rarely traces of great inflammation. It is true that in a case 
recorded by W-ach* perforation of the stomach was found ; but, since 
there was old-standing disease of both liver and stomach, it is not clear 
that this is to be attributed entirely to poison. In the case of suicide 
just detailed, the mucous membrane of the stomach was much 
ecchymosed ; over the whole were strewn little white grains, sticking' 
to the mucous membrane, aud there were also ecchymoses in the 
duodenum. 

§911. The Separation of Barium Salts from Organic Solids or 
Fluids, and their Identification. — In the usual course of examination 
of an unknown substance, the matter will already have been extracted 
by hydrochloric acid, and the solution successively treated with hydric 
and amnionic sulphides. The filtrate from any precipitate, after 
being boiled, would hi such a case give a precipitate if treated with 
sulphuric acid, should a salt of barium soluble in hydrochloric acid 
be present. 

If there, however, should be special grounds to search for baryta in 
particular, it is best to extract the substances with pure boiling water, to 
concentrate the solutiou, and then add sulphuric acid, collecting any pre- 
cipitate which may form. If the latter is found to be sulphate of baryta, 
it must be derived from some soluble salt, such as the nitrate or the 
chloride. The substances which have been exhausted with water are 
now treated with hydrochloric acid, and to the acid filtrate sulphuric 
acid is added. If sulphate of baryta is thrown down, the baryta present 
must have been a salt, insoluble in water, soluble in acids — probably the 
carbonate. Lastly, the organic substauces maybe burned to an ash, the 
ash fused with carbonate of soda, the mass, when cool, dissolved in HC1, 
and the solution precipitated with sulphuric acid. Any baryta now 
obtained was present probably in the form of sulphate ; nevertheless, if 
obtained from the tissues, it would prove that a soluble salt had been 
administered, for (so far as is known) sulphate of barium is not taken up 
by the animal fluids, and is innocuous. 

The sulphate of barium is identified as follows : — 

(1) A part of the well- washed precipitate is boiled with distilled 
* Henke’s Zdtschriftf , Staatsarzneik ,, 1835, Bd. xxx., Hft. 1, § 1. 
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water, filtered, and to the filtrate a solution of chloride of barium added. 
If there is no precipitate, the sulphate can be none other than baric 
sulphate, for all the rest, without exception, are soluble enough to give 
a slight cloud with baric chloride. 

(2) The sulphate may be changed into sulphide by iguition on char- 
coal, the sulphide treated with HC1, the solution evaporated to dryness, 
and the resulting chloride examined spectroscopically ; or, the sulphide 
may be mixed with chloride of calcium, taken up on a loop of platinum 
wire, heated strongly in the flame of a Bunsen burner, and the flame 
examined by the spectroscope. 

(3) A solution of the chloride of barium obtained from (2) gives 
a yellow precipitate -with neutral chromate of potash, insoluble in water, 
but soluble in nitric acid. 



APPENDIX. 


Treatment by Antidotes or otherwise of Cases of Poisoning. 

§ 912. All medical men in practice are liable to be summoned hastily 
to cases of poisoning. In sucli emergencies not a moment is to be lost, 
for valuable lives have ere this been sacrificed simply from the delay 
caused by searching for medicines and instruments, and visiting the 
patient unprovided with suitable remedies. Hence it is far the safest 
plan for every medical man to provide himself with an '‘antidote bay,” 
which, to be complete, should be furnished with tire following 
requisites : — 

I, Instruments : — 

(1) A stomach pump or tube,* with proper mouth-gags. 

(2) A hypodermic syringe. 

(3) An ordinary bleeding lancet. 

(4) A glass-syringe with suitable canula, which may, in case of 
necessity, be used for transfusion, 

(5) Bistoury, forceps, and tubes suitable for pcrfomiing tracheotomy, 

A small battery (interrupted current), 

* The stomach-tube is simply a tube of india-rubber, from 6 to 8 feet in length, 
one end of which should be a littlestiff, mid have a solid rounded extremity pierced 
with two lateral oval holes — catheter -like ; but, on an emergency, any india-rubber 
tube of a suitable length will do, It is used by passing the jiropcr end gently down 
the throat into the stomach ; if the patient is insensible, or, as iu some, determined 
suicides, obstinate, the jaws must be forcibly opened by tlie handle of a spoon, and 
some solid substance placed betweeu the teeth so as to give sufficient room for the 
entry of the tube. If the tube is now passed iu the median line well into tiio grasp 
of the pharynx, it ls actually drawu down into the stomach by the pharyngeal 
muscles, so that the operator has, os it were, only to “pay out” a suffioiout quantity 
of the tubing, Holding the tube iu a iierpendienlar position, it may thou bn filled 
with water by means of a small fuunel, When full, the end must be pinched and 
brought down to the ground to deliver iu a basin ; it will then act as a syphon, and 
the contents of the stomach will be syphoned off. The tube is elevated again above 
the body, and the stomach filled with water ; this syphoned off, and tiie proeoss 
repeated, Coffee, also, or antidotes may be conveniently introduced. If the reeum. 
bent position is necessary, the patient must, of course^ be placed on a bed or table, in 
order that there should be sufficient fall for the syphon. 
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II. Emetics : — 

(1) Sulphate of zinc. 

(2) Apomorphine. 

(3) Mustard. 

(4) Ipecacuanha. 

The sulphate of zinc may either be carried in 30-grain powders or 
in the ordinary solid crystalline state, together with a little measure 
made out of a small pill -box which, when exactly full, is found to con- 
tain from 25 to 30 grains. 

A still more convenient form is that of the compressed tablets, sold 
as a speciality by one or more firms. The same remarks apply to 
ipecacuanha. 

The apomorphine hydrochlorate should be in solution ; a suitable 
strength is 2 per cent. A few drops of this substance, injected hypo- 
dermically, will cause vomiting in a few minutes. 

Besides the above list, the bag should be furnished with a selection 
of the so-called antidotes. 

Antidotes : — 

(a) Chemicals neutralising the poison. 

Acetic acid and calcined magnesia. 

(5) Precipitants of alkaloids. 

Tannin.— A solution of iodine in potassic iodide. 

(e) Narcotics, or ancesthetics, for the treatment of the tetanic class. 

Chloral —chloroform, 

(d) Substances which act physiologically, 

French oil of turpentine, — A solution of atropine sulphate for 
hypodermic use (strength -8 per cent.); hypodermic dose from 5 to 6 
drops. 

Solution of nitrate of pilocarpine (strength 5 per cent.); dose, 10 
drops or more, 

Muscarine, — A solution in water (strength 5 per cent.) ; dose, 10 
drops, 

Morphine meconate in solution (strength 10 per cent.) ; dose, from 
5 drops, 

A solution of nitrate of strychnine (strength 2 per cent.) ; hypo- 
dermic dose, from 2 to 3 drops. 

Potassium Permanganate in crystals. 

To these may be added a bottle of Wyeth’s dialysed iron for use 
in arsenic poisoning, a flask of brandy, some chloric ether, aromatic 
spirits of ammonia, and some really good extract of coffee. 
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§ 913. Acid, Carbolic, 

Use the stomach tube or pump, unless there is great destruction of 
the mncous membrane. In the latter case, excite vomiting by injecting 
subcutaneously from 5 to 6 drops of the apomorphine solution ; or give 
an emetic of zinc sulphate, ipecacuanha, or mustard. 

The stomach may, by the aid of the tube, be washed out with a 
weak alkaline solutiou of soda; albumen may also be given, and such 
stimulants as brandy and water, chloric ether, and aromatic spirits of 
ammonia. 

It is important to apply warmth to the extremities. 

Inject subcutaneously from 2 to 3 drops of the atropine hypodermic 
solution. 

Nitrite of amyl by inhalation is said to have been useful. 

In desperate cases bleeding, followed by transfusion, is to be con- 
sidered. 

Acids — Mineral, including Sulphuric, Nitric, Hydrochixjric, Glacial 
Acetic Acids. 

Stomach tube or pump, Inadmissible, 

Neutralise by calcined magnesia, lime, chalk, or soda, but not with 
potash, If there is choice, 

If no neutralising agent can be immediately procured, then dilute 
with plenty of water. 

Other remedies are — oil, milk, white of eggs, gruel. 

It Is often recommended in such cases to administer hypodermically 
a little morphine, 

Aconite • - Aconitine, 

Use at once the stomach tube or pump, or give emetics of sulphate 
of zinc, or hypodermic solution of apomorphine, 

Keep the patient in the recumbent posture. 

After the stomach has been emptied, give atropine, either by hypo- 
dermic injection or by the mouth, say 4 drops of the P.B. solution; 
failing atropine, 20 drops of the tincture of belladonna, The dose may 
be repeated more or less frequently according to the condition of the 
patient. 

If there is great tendency to heart-syncope, tincture of digitalis in 
^-drachm doses by the mouth, or in hypodermic doses of from 10 drops 
upwards. 

Apply a mustard poultice to the pericardium ; aid vomiting and 
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Arsenic. 

Use the stomach pump or tube, or empty stomach by emetics, such 
as hypodermic solution of apomorphine, or give mustard or sulphate of 
zinc. The stomach should then be washed out by large quantities of 
water, most conveniently administered by the pump or tube. 

If the tube or pump is not at hand, then administer at once either 
dialysed iron, or the freshly-precipitated hydrated oxide of iron, 
obtained by precipitating the ordinary perchloride by means of 
carbonate of soda or ammonia, avoiding excess of the latter. If the 
operator has sufficient chemical knowledge to precipitate the iron with 
fair exactness, so that there is no great excess of ammonia, or of sodic 
carbonate, then filtration is unnecessary. In other cases, filter through 
a handkerchief. 

Oil, mucilaginous drinks, the white of eggs, and, if faintness exists, 
small doses of stimulants may all be given. 

If the skin is cold, warmth must be applied to the body by means of 
hot blankets, etc. 

Pain may be relieved by morphine. 

Atropine — Belladonna — Tincture of Belladonna. 

Empty the stomach by means of the stomach pump or tube. 

Give an enema of coffee. 

Administer half a grain of pilocarpine nitrate ; or, if that is uot at 
hand, morphine or opium in suitable doses will act to a certain extent 
antagonistic to the poison. 

A subcutaneous dose of muscarine may be administered instead of 
pilocarpine, but is not quite so good. 

Hot water to the feet, alternate douches of cold ami hot water are 
found useful, 

If the respiration seems likely to stop, artificial respiration must be 
practised. 

Belladonna. — See Atropine, 

Benzene. 

If swallowed, then empty the stomach by pump or tube, or by the 
hypodermic injection of apomorphine ; or give emetics, such as zinc 
sulphate, mustard, or ipecacuanha, 

If the vapour has been inhaled , this is unnecessary. 

Plenty of fresh air, 

A subcutaneous dose of atropine, say l-60th of a grain, or from 30 
to 40 drops of belladonna tincture. 

Alternate douches of hot and cold water to the chest, artificial 
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respiration, if necessary, The heart to be maintained by mild inter- 
rupted shocks of the battery over the region of the heart. 

Bichromate of Potash. — See Chromium. 

Brucine. — See Strychnine. 

Calabar Bean — Physostigmine. 

Use stomach pump or tube, or emetics, such as sulphate of zinc, 
mustard, or ipecacuanha ; or, better still, hypodermic solution of 
apomorphine. 

Give hypodermic doses of l*60th grain atropine until the pupils 
dilate. This treatment seeming to fail, chloral in 10-grain doses, every 
quarter of an hour, has been recommended. 

In certain cases strychnine has been used, in hypodermic doses of 
1-1 2th of a grain. 

Stimulants and artificial respiration will probably be necessary in 
some cases. 

Camphor. 

Use stomach pump or tube, or empty the stomach by emetics. 
Hypodermic injections of brandy, inhalations of ether, the alternate 
hot and Gold douche, warmth to the extremities by hot blankets, eta, 
seem to be the best methods of treatment. 

Cantharides — Cantharidine, 

Use stomach pump or tube, if the mucous membrane of the throat 
is not inflamed j or, administer hypodermic dose of apomorphine, or 
give emetics — sulphate of zinc, mustard, or ipecacuanha. 

Allay pain with morphine, Give plenty of water and demulcent 
drinks. 

Chloral. 

Use stomach pump or tube, and, when the stomach is emptied, 
introduce by the same means warm coffee, or give a hypodermic 
injection of apomorphine, or administer emetics of sulphate of zinc, 
or mustard, or ipecacuanha, 

An enema of coffee will he useful. 

Keep the limbs warm, 

Administer hypodermically 2 or 3 drops of the solution of strychnine 
at intervals of from fifteen to twenty minutes. 

Bouse the patient by various means, such as shouting, shaking, 
flapping the skin with a wet towel, etc. 

Inhalations of amyl nitrite are recommended, 

Artificial respiration may be necessary. 
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Chlorate of Potash, 

Use the same treatment as for nitrate of potash {which see , p. 728). 
Chloride of Zinc. — See Zinc. 

Chloroform — (Inhaled). 

Give plenty of fresh air, pull the tongue forward, and commence at 
once artificial respiration. If the heart has stopped, strike the chest 
two or three times very hard over the region of the heart ; this has been 
found occasionally to restore its beat. Apply the battery, but with a 
weak current only; one pole may be placed on the larynx, the other at 
the pit of the stomach. 

Inhalations of nitrite of amyl are useful. The hot and cold douche 
may also be used. 

Chloroform — (1 Swallowed ). 

Empty the stomach by pump or tube, or by emetics, .such as 5 drops 
of the hypodermic solution of apomorphine, or sulphate of zinc, or 
mustard. 

Give an enema of hot coffee. 

Administer large draughts of water, which may advantageously 
contain a little sodic carbonate in solution, 

Attempt to rouse the patient, Nitrite of amyl inhalations, and, if 
necessary, artificial respiration may be used. 

Chromate op Potash, — See Chromium, 

Chromic Acid. — See Chromium. 

Chromium— Bichromate of Potash — Chromate of Potash — Chromic 
Acid, 

Empty the stomach by pump or tube ; administer a subcutaneous 
injection of apomorphine, or give sulphate of zinc, mustard, or 
ipecacuanha as emetics, Follow up by administering, suspended in 
water, calcined magnesia, or carbonate of magnesia, or chalk. 

Demulcent drinks, such as barley-water, etc. 

Cocculus Indicts, — See Picrotoxin, 

Colchicum — Meadow Saffron — Colchicum Wine, Tincture, etc. 

Use stomach pump or tube, or empty the stomach by emetics, such 
as sulphate of zinc, or mustard, or ipecacuanha ; or, better than all, 
give a hypodermic injection of 4 or 5 drops of the solution of apo- 
morphine, 

Give tannin or gallic acid in ^-drachm doses, or strong^tea or coffee. 
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Allay the pain in the bowels and purging by small doses of opium 
or morphine. 

Keep the extremities warm, apply hot fomentations to the abdomen ; 
stimulants may be used, give plenty of water and demulcent drinks, 

Colocynth. 

Treatment on the same lines as that for Colchicum. 

Conium — Hemlock. 

Empty the stomach by the pump or tube, or give a hypodermic 
injection of 4 or 5 drops of the solution of apomorphine, or emetics of 
sulphate of zinc, or mustard, 

Keep up the temperature of the body by hot wraps. 

Administer, as a drink, strong tea, tannin, gallic acid, or any 
harmless vegetable decoction containing tannin. 

Stimulants may be administered. 

If necessary, use artificial respiration. 

Copper — Salts of. 

Empty stomach by pump or tube, and either inject by the same means 
or administer white of egg in solution in water ; if no white of eggs can 
be had, substitute milk ; give plenty of water and emollient drinks, 
Pain may be allayed by Opium or morphine. 

Corrosive Sublimate — Perchloride of Mercury — Nitrate op 
Mercury, 

Empty the stomach by the tube or pump, and wash the organ out 
with plenty of white of egg, di solved in water or milk. If the stomach* 
pump is not at hand, then give emetics, such as the solution of apomor* 
phine, hypodermically, in from 4* to 5*drop doses, or a zinc sulphate 
emetic, or mustard, or ipecacuanha. Probably violent vomiting is 
already present, then stomach*tube or emetics are unnecessary : but, in 
any case, give plenty of albuminous fluids, such as white of egg in 
water or milk, If neither of these is at hand, chop any fresh meat up 
as finely as can be done iu a short space of time, diffuse in water, aud 
administer, Follow up with demulcent drinks, such as barley-water, 
flour and water, etc. 

Pain may be allayed with a little opium or morphine, 

Stimulants are admissible, if necessary. 

Croton OrL. 

Empty stomach by means of tube or pump, or give emetics of 
mustard or sulphate of zinc, or administer hypodermic injection of 
apomorphine. 
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Give 10 drops of laudanum every twenty minutes or half hour, 
until the pain and purging are somewhat abated, or else inject sub- 
cutaneously small doses of morphine at intervals. 

Give plenty of demulcent drinks. 

Two or three drops of essence of camphor in milk are useful. 
Stimulants, such as brandy, ammonia, or chloric ether, are 
admissible. 

Cytisine. — Sec Laburnum. 

CURARlNE — WOORARI — U raRI. 

The poison is, of course, introduced by a wound : if any is likely to 
be still in the wound apply a ligature, suck the wound, and then wash 
it with a slightly alkaline solution of potassic permanganate. 

Keep up the respiration artificially, give plenty of water and a 
dose of spirits of nitre, apply warmth to the loins. By these means the 
poison will be rapidly separated by the urine ; and, if the patient can 
only be kept alive by artificial respiration for a little time, he may 
recover, for elimination is very rapid. 

Cyanide of Potassium. — See Pnussic Acid. 

Digitalis Grout of Heart Poisons, including , besides the Digitalins, 
Antiarin, Atocynin, Nekiin, Oleandrin, Evonynin, Thevetin, 
Scillain, Strophantin, and Erythrophlein. 

Empty the stomach by the tube or pump, or administer a sub- 
cutaneous dose (4 drops) of apomorphine, or give a tablespoonful of 
mustard in water, or sulphate of zinc, 

Follow up with strong tea, or half a drachm of tannin, or gallic 
acid in aqueous solution, 

A' very small dose of aconitine nitrate in solution (say l-200th of a 
grain) may be injected subcutaneously and the effect watched ; if in a 
little time it seems to do good, repeat the dose. On no account let the 
patient rise from the recumbent posture, or he may faint to death, 

Stimulants in small doses may be given frequently by the mouth, 
or, if there is vomiting, by the bowel, 

Ergot. 

Use stomach pump or tube, or empty the stomach by a mustard 
or sulphate of zinc emetic, or give a subcutaneous injection of apo- 
morphine, 

Give a purgative, such as a drop of croton oil, and assist its action 
by plenty of warm drinks. 
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Tannin and gallic acid have also been recommended, but are 
probably of but little use. 

After the bowels have well acted, and the stomach has been emptied, 
give small doses of opium at intervals. 

Dr, Murrell recommends l-50th of a grain of nitrO'glycerin every 
fifteen minutes. 

The recumbent position is uecessaiy, and the circulation should be 
maintained by warmth, and, if necessary, by friction. 

Erythrophlein. — See Digitalis. 

Ether, — The same treatment as with Chloroform. 

Evonymin, — See Digitalis, 

Kungi. — See Mushrooms, 

Gelseminine, 

If seen soon after taking the dose, use the stomach pump or tube, 
or give a tablespoonful of mustard. 

Administer a small dose of atropine subcutaneously, or give by the 
mouth tincture of belladonna in 20-drop doses. 

Stimulants are admissible. 

If necessary, use artificial respiration. 

Rouse the patient by hot and cold douches. 

Hemlock, — See Coniine — Conium. 

Henbane — Hyoscyamine, — The same treatment as for Atropine. 
Hydrochloric Acid. — See Acids, Mineral. 

Hydrocyanic Acid. — See Prussic Acid. 

Hyoscyamine. — The same treatment as for Atropine. 

Iodine. 

Empty the stomach by pump or tube, or administer emetics, such as 
the hypodermic solution of apomorphine, or give by the mouth mustard 
or sulphate of zinc. 

Give plenty of starch diffused in warm water, or in the form of a 
dilute paste; or give any farinaceous substance whatever, such as 
arrowroot, boiled rice, or flour, or thin gruel. 

Inhalations of amyl nitrite have been recommended. 

Pain maybe relieved by morphine or opium 


Jabcrandi. — Treatment the same as Pilocarpine. 
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Laburnum Seeds — Cytisine. 

Empty stomach by tube or pump, tuxd wash it out with tea or coflee, 
or give (as an emetic) a hypodermic dose of apoinorplune, or (by tlur 
mouth) mustard or zinc sulphate ; f ollow up this trcuUiumt hy uu 
enema, or-a brisk purgative. 

Stimulants may be administered ; the patient may lur roused l>y the 
hot or cold douche. 

Laudanum. — See Mobphin e . 

Laurel Water. — See Prussic Acid. 

Lead, Salts of. 

Empty stomach by pump or tube, or administer .subcutaneously a done 
of apomorphine, 4 to 5 drops ; or give by the mouth a sulphate of zinc 
or mustard emetic. Follow up with hulf a drachm of dilute sulphuric 
acid, or half an ounce of magnesic or sodic sulphate. 

Milk and albuminous fluids may he given. 

Allay pain with opium or morphine. Treat colic with liol fomen- 
tations, 

Meadow Saffron. — S ee Colchicum. 

Mercury, Salts of, — See Corrosive Suiimm atb. 

Monkshood, — See Aconite. 

Morphine — Opium — Laudanum and ‘ p - rirpamtum , « in n ’ hv'fr Uin Opium 
Alkaloids inedominate . 

If taken by the mouth, give at once a solution of' potassium per- 
manganate and then empty the stomach ; but, if tnkuu by hypodermic 
injection, both these would be useless. The stomach in opium qmisuiiiiig 
is best relieved by the pump or tube, and should tlum be well washed nut 
with hot coffee, leaving in the organa pint or uioru. If flu: stomach 
pump or tube is not at band, a large subcutaneous dose of apomorphine 
(say 10 minims) may be given, or mustard or zinc sulphate ; lmt there 
may be difficulty in obtaining vomiting from any emetic. 

Attempt to rouse the patient by the battery, if at hand ; by Hips with 
a towel, and by shaking, In all books will lie found flic usual direction 
that you are to keep walking the patient about; but tins tmihucuf. is 
questionable, and likely to favour the toxic action of morphine uu f.lic 
heart. 

Ammonia may be applied to the nostrils. 

Hot coffee may also be introduced into the lwiwcls by an enema 
apparatus, or by a simple tube. 
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1 'h,. ; J| eriiuie cold and hot douche I a (lie In-. el i.< mud. lai 1 tin- r.r< U 
should he kepi, warm with lot wraps. 

Mum.ll Slllieut Ul.eoils doses id tttrojliuir ( ,1V 1 ■.tilth ,i ;■! -Ill i II. IV in 
administered, rciirufing f lie iloa i-v, rv tvveuty iiiiimie , and A.itr !,in.‘ ti,r 
eH'oct, 

If necessary, apply artificial respiration. 

Inhalations nf nitrite of amyl hive lsien used. 

M ii.scaui.sk, -Sec Mtsiittomis. 

MnsiiuimMs .Mt si'AUtse I’m •h'ci m l rv.i iJumiiuiv 

Kiunty Kfiniiuc.h hy stomach pump nr tube, or n i- a •»*ii.ei*t u.. *u 
(lose of apomorphiulr, or udinmi ter 1»\ tin- mnndt niloi mustard ..i 
zinc sulphate. 

Inject, as soon as posiihlc a siihriii.iin on i|.o' o i ;! to | limp’ of tin 
solution of atropine: ut\ after the Minn.;, eh In heeu emp'ii d, an 
tincture of belladonna even half hour, in from to .'5*ini mm d 

It, is eipmlly important to remove the remain of rim tute,;i ti-.tii tin 
intestines, and fee tltis purpose i| i . « ell to give ,r do e id castor oil, >nd 
to use an enema. 

Stimulants maybe erven. Tie- body dumb! be lopt «.»rm 
NttKItN. Seri ltn.ft At.ts, 

Nnsn'isK ‘l’miAei'n, 

Unless tlm Ktoiu.'ieh has been already emptied liv i .oiittui.’, n ■ 
stomach prmip nr tube, or giv,- ,m cuietie ot* mustard and plenty of 
water. 

Inject, subcutaneously a sioall dost; of strychnine < ay 1 i'.'ith id i 
grain of tlio ltitrufrj, or give. half a drachm of tincture of nnx voinini 

Stimulants, snith as brantiy, chloric ether, etc., may he pin u. 

Kcqt tlirr body warm, hnl the cold douche uiuy b" apphed to tin- 
head. 

Tannin and vegetable infusiotis I'liiunining tannin tn.iy alanlw given, 
lnit it is ipiestinuubh' if they un> of much use, imleei any reiun ml 
remain in the; stomach. 

Keep the patient lying down fur fear of fatal syncope, 

Ninus — N ituatk ok Potash, 

lCmpty the stomach iimin-diately hy tlm pvunp nr tabo, or give a 
sulicutaneous dose of apomorpiiimt (from '1 to !! drop,,), or ,idu,um.i* r la 
tint mouth a tahlespooufnl of mustard, or a scruple of sulphate of zinc. 

Dilute the poison, and attempt to wash it. out of the system hy giving 
plenty of water or mucilaginous drinks. 
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Apply hot fomentations to the loins, and keep the patient as warm 
as possible. 

Stimulants that are likely to increase the kidney congestion are to 
be avoided. 

Inhalations of nitrite of amyl have been recommended. 

Nitric Acid. — See Acids, Mineral, 

Nituo-Benzene. 

Empty the stomach at once by the stomach pump or tube, and wash 
the organ out with plenty of warm water, to which' advantageously a 
little spirit may be added ; or give emetics, such as zinc sulphate or 
mustard. 

Administer stimulants, either by the stomach*tnbe, ns an enema, or 
by subcutaneous injection. 

Keep up the respiration artilicially, if necessary, and maintain the 
heart's action by application of weak, interrupted shocks to the chest' 
wall, by means of the battery. 

Rouse the patient by the douche. 

Atropine subcutaneously has been recommended. 

Nitrous Oxide Gas. 

The treatment is the same essentially as for chloroform {which see). 
Inhalations of oxygen may do good, but oxygen is very rarely at hand. 

Nux VoMiCA.-*See Strychnine. 

Oleandrin, — See Digitalis. 

Opium. — See Morphine. 

Oxalic: Acid — Binoxalate or Potash — Sodic Oxalate. 

Unless the patient has already vomited freely, empty the stomach at 
once by emetics of zinc sulphate or mustard ; or the stomach pump or 
tube may, in most cases, be used. If the acid has beeu taken, neutral* 
ise by chalk, lime-water, or, better, by saccharated lime-water ; but 
on no accouut neutralise by carbonate of soda or any alkali, for the 
alkaline oxalates are extremely poisonous. 

Assist elimination by the kidneys by giving plenty of water ; apply 
hot fomentations to the loins, 

An enema may be given, if necessary, to empty the bowels well. 
Phosphorus, 

Empty the stomach by tube or pump, and, at the same time, wash 
the organ out with water to which has been added a drachm of 
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French twiiontinti, or civ, , u« he-. Ti.r bn t m,nu: n-r pie.; j ,h< .\u<- p, 
snul to be sulphate <>t eopjaT, I nr .'i prams dissolved m wan i, and 
j,ivcu every fm niiuutr.'s until vnuntuu: i j-r. .■ l*i‘ » * 1. 

In default "f nlphat> hi j . sulphate uf zinc nr mustard. 

( live }. dl'lu'lllll >luf 1C of tm'jM'MtiUI'. float ill}.' nil V, a 1 1-1 nr nil lino'll 
ago, every hiilfdomr. lull »i itimr < »f tmpmfine vapour, much ilr'un.], 

aro also of service. The Aim-iieau and (iiTibau turpentine-, .m- said !•» 
bet af mi avail, l’rolml'ly >hr> fm jn-ntiui- will f r< civ pujpe flic j»it i» ut. . 
lttif^ if not, fJhe hitwi'ls should In- iijirui -l by a nmtuble kii*T±, 

for inn twice, aw umgucHU: milpluth'. 

I’UYNnSTlii.UtNt'.. See t'.UUnti ltVlN. 

I’imiotuXin* ( '< (i i t i i s ! '•<>!> i s. 

Use stomach pump >>r tula*, nr imply .t.<u>uih by unial »-(«•-* 
k>/. mustard, zinc sulphate, m ajuimoriihiue, iihciitiuionudy. 

Chloral, ill dose* of (min l‘< in tin ;>rai\i* r may b> pjv, n r veiy bull 
hour l.o allay or prevent tetanus, flic rile. 1 , {iring, of cum svnt»Ti*-«l 
Kov the same jturjKiHC broutide nf potassium b.i» Ison io minuicicd 
hi severe eases, if. may be combined with ehb<iul T 1 di.ieliiii of tie 
bromide with M grains nf chloral. 

PlUlgAfll'iNK. 

’Hie best freiif liiellt is ,1 sillii'iitUliroUM dor i if RtrOJJVUl! I MV 1 *!»■*» I* 
of a grain) or tincture of ludludomitt l,y tin mouth i|i ti<) uuiiito dnsrn, 
to be repented every twenty iniiiiifes until the pupils » lil ut , • 

1 '< >VA H 1 1 . — >Se c Al.VM.IMs. 

l’mtHMti: Anti). 11 

Use Btoniach jmujj) ur tube, ,,r, if ie,i ,»t hand, an me tn- of mustard 
or sulphate of zme. 

If the hri'tilliiutc has stopped, try artificial respiration and weak 
shocks to the heart, 

* . 1 . KoMnt, isil il' I i 1 1 r t till j»lt.).s. .l, till p , 111)1, Jj.|l,i, lr- lf|f ..|rt |. a!';, , 1 . 

llH II lilieniievi lUitiebHr t., pda«.l'llii ■ }s,l>i<b> 5 >v -- It" . V Ii.t* lie- jar.»h si- ti.. 
riispimlmy cmfris, inis j„if.>iio«-i >. |i.' rii* sail 1 ut*. Unl-bii, «<i, :l,,.v,n i*t S-. 

fatally uffecti'il hi a f, »' iiiitiiii, » I,-,- ns,] p, ui . ,,j t j ( . j,.,i ,.n, l„it it, „i 5 i,e tim- 
uilniiiiistmtiim, 0‘f» gnu. ,.f j*Tjuiuarqinttr .fi’^.l e'i n , ;.u . )r f »ii, t «.,.>■ «!»., 
ilitnslueeil into the hti.anu li, iI..«"h of >'v#ii)de up t<, ic) run, !•. ■ nr- -hot!,, 

ItllgMr quantities (tt“* gnu. « Ja<a'wl fst-il aiebr ttitaiU) canlo «•***, i«>* tie «i'«).,n ..f 
tho piisua was aiinli di-iuynl. Su.,. iu.fi;l ripniiru", w>ir .it, ■, pi-ibne"! wi'li 
""““'"i HullltiniiH iif liyiirmyaiiie ucid r.aiUiiniiff O'l p r eeiit. It e> -‘,iet“ , 

" that, iu cases of lyaimlr |e.iw,nii,((, j io ^ lit je , r ( a ,r i., f. pi 

I»:niiftiigaiiat« nlioulil l*t ielinuiisOie -1 laniiiiliiiliiv J Va?-A r thtoUrh 
' 507). 
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l-60th of a grain of atropine subcutaneously is recommended to 
assist the heart’s action. 

A brandy enema may be given, or brandy injected under the skin. 
The body must be kept warm, but the cold douche may be advan- 
tageously applied to the head. 

Salts op Sorrel. — S ee Oxalic Acid. 

Savin. 

If the patient has not already emptied the stomach by repeated 
vomiting, and the throat is not inflamed, use the stomach pump or 
tube, and wash the organ out with water, or give any one of the usual 
emetics — such as mustard, sulphate of zinc, or ipecacuanha. 

If the bowels have not acted well, give a dose of castor oil ; allay 
pain with small doses of morphine* 

Scillain. — S ee Digitalis. 

Snakes, Bite op. 

Suck the wound, and apply an alkaline solution of permanganate 
of potash. 

In severe cases of cobra poisoning and other extremely venomous 
snakes, death threatening, the only likely means of saving life would 
be bleeding at one arm and transfusing blood by the other. 

Ammonia may be given by the mouth, and also smelt. 

In cobia poisoning and venoms which kill mainly through the 
respiration, the breathing must be kept up artificially ; and, should 
there he signs of the heart failing, weak, interrupted galvanic shocks 
may be applied to the walls of the chest, 

Lacerda’s plan of injecting permanganate of potash under the skin 
is not only useless but even mischievous, for it takes up time which 
might be more valuably employed. 

Soda Caustic. — S ee Alkalies, 

SOLANINE — SoLANUM DULCAMARA — BlTTER SWEET — WOODY NIGHT- 
SHADE, — The same treatment as for Atropine ( which see). 

Stramonium. — The same treatment as for Atropine. 

Strop hantin. — See Digitalis, 

Strychnine— Brucine — Nux Vomica, 

Empty the stomach as quickly as possible by an emetic of mustard 
or zinc sulphate, or by a hypodermic solution of apomorphine (4 drops). 



732 


POISONS: THEIR EFFECTS AND DETECTION. 


The stomach pump or tube inadmissible : for, if tetanus is present, 
it eaimot be applied ; or, if absent, it is likely to excite a spasm. 

Place patient at once under chloroform or ether, and keep up a 
gentle narcosis for several hours, if necessary. 

Darken the room, stifle all noise ; if in a town, and opportunity 
permit, have straw or peat placed at once before the house to 'deaden 
noise. 

If the spasms threaten the respiration, artificial respiration is 
absolutely necessary; and, to facilitate this, it would be justifiable, 
hi a dangerous case, to perform tracheotomy — of course under 
chloroform. 

Chloral may be given in place of chloroform, but the latter is best ; 
the dose of chloral should be, at least, half a drachm, and if no effect is 
produced in half an hour, then doses of 20 grains should be given at 
intervals of a quarter of an hour. 

If neither chloroform nor chloral is at hand, the juice from a 
recently-smoked pipe may be diffused in a little water aud a few drops 
injected subeutaueously, and the effect watched. If there is a marked 
improvement the treatment may be persevered in. 

Bromide of potassium in combination with chloral has been recoin 
mended. 

Nitrite of amyl inhalations are said to be of use. 

Curarine in a subcutaneous dose of one* third of a grain is antagonistic 
so far that it paralyses the voluntary muscles. 

Sulphuric Acid, — See Acids, Mineral. 

Tartar Emettc. — See Antimony. 

Tartaric Acid. — The same treatment as for Oxalic Acid {which see). 
Thevetin, — See Digitalis, 

Tobacco. — See Nicotine, 

Turpentine. 

Empty stomach by tube or pump, or administer the usual emetics, 
such as mustard, or sulphate of zinc, or ipecacuanha, or give hypoder- 
mically 3 or 4 drops of the solution of apomorplifne, 

If purging is not already present, empty the bowel by enema ; give 
plenty of water and demulcent drinks to aid elimination by kidneys. 

Apply hot fomentations to the loins. 

Allay pain with opium or morphine. 
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Vbratrine, 

Empty the stomach by the tube or pump, or give any one of the 
usual emetics, such as mustard, or zinc sulphate, or ipecacuanha. 

Keep the patient lying down. 

Stimulants may be administered. 

An enema of hot coffee has been recommended. 

Keep the body warm with wraps, hot blankets, etc. 

White Precipitate. — The same treatment as for Corrosive Sublimate. 

Wasps, Bees, Hornets — Sting of, 

An onion immediately applied to the part stung is a favourite 
popular remedy ; but ammonia is better. 

Extract the sting, if it remains in the wound, 

Give stimulants, if necessary. 

Zinc. 

The only salt likely to cause poisonous symptoms is the chloride 
which is used in the arts, and is the active principle of Burnett’s dis- 
infecting fluid. 

Stomach pump or tube inadmissible. Give plenty of water, in 
which carbonate of soda is dissolved ; or, if that is not at hand, 
carbonate of potash. 

Eggs and milk should also be given. 

Solutions of tannin, strong tea, and the like, also, to some extent, 
neutralise the poison. 

The paiu in the abdomen is to be allayed in the usual way— by 
hot fomentations, and small frequent doses of morphine or opium. 


DOMESTIC READY REMEDIES FOR POISONING. 

§ 914. Large households, more especially those in which no one 
possesses any special medical knowledge, would do well to furnish an 
antidote cupboard, for use in cases of emergency. This cupboard may 
contain : — 

(1) The Multiple Antidote, which consists of saturated solution of 
sulphate of iron 100 parts, water 800, magnesia 88, animal charcoal 44 
parts. It is best to have the animal charcoal and magnesia mixed 
together in the dry state and kept in a well-corked bottle ; when required 
for use, the saturated solution of sulphate of iron is mixed with eight 
times its bulk of water, and the mixture of charcoal and magnesia added 
with constant stirring. The multiple antidote may be given in wine, 
glassful doses, frequently repeated, in poisoning by arsenic, zinc, opium, 
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digitalis, mercury, or strychnine ; it is of no use in phosphorus poisoning, 
or in poisoning by the caustic alkalies or antimony. 

(2) Calcined Magnesia, for use in poisoning by acids. 

(3) French Turpentine, for poisoning by phosphorus. 

(4) Powdered ipecacuanha in a well -corked bottle ; the bottle con- 
taining a small pill -box which is cut down, so that when full it contains 
30 grains — the proper dose as an emetic. A similar small supply of 
sulphate of zinc may also be provided, 

(5) A tin of mustard. 

(6) A bottle of vinegar, 

If, then, provided with such a supply, any member is known to 
have taken poison, and yet the precise poison is not known, give a 
sulphate of zinc or ipecacuanha emetic, and follow it up by the mul- 
tiple antidote, which is in itself not poisonous, 

If Phosphorus has been taken, then give the French turpentine as 
directed under Phosphorus (p. 730). 

If Acids, neutralise by the calcined magnesia (see Acids, Mineral, 
p. 719). 

If Alkalies, neutralise with vinegar (see Alkalies, p. 720), 
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,, Fatal iloso of, 29,5. 

,, Liniment of, 291, 

,, lozenges, 291. 

, , Medicinal and other preparations 

of, 280. 

,, Thu ointment of galls and, 

291. 

,, Patent and limnolliciiial prepare* 

tions of, 202, 

,, poisoning, Diagnosis of, 304, 

,,, Poisoning of children by, 294. 

,, poisoning, Postnnortcm appear. 

an cos after, 312. 

, , „ Statistics of, 293. 


290. 



INDEX. 


760 


Opium poisoning, Treatnientin, 312, 727. 
,, Tincture of, 290. 

,, wine, 291. 

Opistoglyplia, 498. 

Orange red, 619. 

Ordeal bean, 409. 

Ore’s (M.) injection of chloral hydrate, 
164. 

Orfila on a case of arsenic poisoning with. 

out symptoms, 663. 
,, poisoning by acid oxa- 

late of potash, 538. 

,, ,, poisoning by tartar 

emetic, 607. 

,, poisoning by verdigris, 

648, 

,, on arsenic in bones, 588. 

,, on perforation of stomach due to 
potussic nitrate, 130. 

,, on poisoning by water hentlock, 
474. 

,, on the destruction of organic 
matter, 585. 

,, ,, effects of barium salts 011 

animals, 712. 

,, ,, elimination of antimony, 

610. 

,, ,, imbibition of arsenic 

after death, 590. 

,, ,, inflammatory effects of 

arsenic, 575. 

,, „ post-mortem appearances 

in arsenic poisoning, 
573. 

,, ,, separation of iron from 

organic matter, 700. 

„ ,, time after death nicotine 

may be detected, 282. 
Orfila’s experiments on animals with 
lead, 622, 

,, experiments on animals with 

oxalic acid, 536, 

,, experiments 011 ether, 150, 

Organic matter, destruction of, 52, 585. 

„ drying of, 51. 

Orpiment, 551. 

Osenbriiggen’s ease of nitric acid poison- 
ing, 111. 

Otori, J, , on the amines, 510, 

Otto on a coniinedikc alkaloid, 272, 
Oubain, 418, 

Overend and Hofman on the action of 
curare, 420. 

Overton, Researches on narcotics, 36, 
Oxalate of lime, 534, 

Oxalic acid, 533*544, 

,, Effects of, on animals, 535, 

,, „ leeches, 537. 

,, ,, man, 537, 

,, Estimation of, 544, 

,, Fatal dose of, 535, 

he form of vapour, 537. 

^logical changes pro* 
ed by, 540, 


Oxalic acid, Physiological action of, 539. 
„ Properties of, 533, 534. 

,, Separation of, 541. 

,, Statistics of poisoning by, 

535. 

„ Treatment of poisoning by, 
(App.) 729. 

,, Uses in the arts of, 535. 
Oxalmetliyline, 545. 

Oxalpropylhie, 545. 

Oxyhemoglobin, 60, 61. 

Oxymandelie acid, 241. 

Oxynarcotine, 286. 

Page, Dr. D., on poisoning by anti* 
monial lozenges, 606. 

Pagel’s process for destroying organic 
matter, 54. 

Palm, R, , Separation of pierotoxin, 468. 
Palmer, William, the poisoner, 333. 
Papaveramine, 286. 

Papaverine, 264, 266, 286. 

,, Effects of, 321, 

,, Melting and subliming tem- 
peratures, 261. 

,, Properties and constitution 
of, 321. 

„ Spectrum of col our reactions 
58. 

Papaver somniferum, 285. 
Paradigitaletin, 434. 

Paraldehyde, 170, 

Paramenisperminc, 465, 
Paraphenylencdiamine, 519. 

Paregoric, 290, 

Parillin, 450. 

Paraffin oil, 134. 

Partition coefficients of narcotics, 37. 

,, ,, Chemical deter- 

mination of, 38. 

,, ,, Physiological deter. 

mination of, 38. 

Pattison’s white, 619, 

Paul, M., on the hereditary effects of 
lead poisoning, 629. 

Paul of iEgina on the effects of lead on 
the nervous system, 626. 

Paulet on the effects of thallium salts, 
707, 

Pauly, Epinephrin, 505. 

Payne and Olievallier on the action of 
organic fluids on zinc, 688. 

Pedler on the poison of the cobra, 499. 
Pehkselien’s formula for jervine and 
pseudo*jervine, 404. 

Pelikan on the effects of saponin, 451. 

,, ou the poisonous action of mer- 
curic cyanide, 222. 

Pelletier and Cahours on the solubility 
of strychnine, 327. 

,, and Caventou on the solubility 

of brucine, 349, 

,, and Thiboumery discover 

pseudomorphine, 323. 
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Peuuavaria on a ease of poisoning by eel 
blood, 489. 

Pentamethylenediamine. SeeCtulavcrinc. 
Pental, 170. 

Pentane, 170. 

Peptotnxiue, 524, 

Percirine, 353. 

Peris on the lnugs in phosphorus poison* 
ing, 240. 

Perrin, Alcohol in the brain, 146. 
Personne’s method of estimating mercury, 
685. 

Pesei and Stvoppa on the urine in phos- 
phorns poisoning, 246. 

Petrol, 135. 

Petroleum, 135. 

,, ether, 135, 136. 

„ Poisonous effects of, 136. 

,, Separation of, 137. 

,, spirit, 135, 136. 

l’etromyzou lirndatilis, 489. 

Pottenkofer on cantharides in blood, 496. 
,, on the solubility of mor. 

pliine, 296, 297. 

,, ,, solubility of stry eh* 

niue, 327. 

Pfaffs prussic acid, 203. 

Pfeifler’s (E. ) experiments on animals 
with oxalic acid, 537. 

Phalliu, 429, 

Pliaseodunatin, 204. 

Plicuic acid, See Carbolic acid. 

Phenol, See Carbolic acid, 
Phenylamiuoaeeto nitrile, 223. 
Phenyleuediaminc, 40. 

Phenylhydraziue, 40. 

Pheuylic alcohol, See Carbolic acid, 
Phenyl sulphate of potash, Separation of, 
from uriue, 191, 

,, ,, Tests for, 191. 

Phenyl sulphuric acid, 184. 

Phipson, Active principles of Agaricus 
ruber, 430, 

Phisalix and G. Bertrand 011 bnfoniu, 
485. 

,, and G, Bertrand on the poison 
of the common viper, 504. 
Phloroglucin, 34, 

Phosphine, 225, 235, 

Phosphomolybdic acid reagent, Prepara* 
tion of, 249. 

,, „ Colour reaction 

with alkaloids, 
250. 

Phosphorated oil, 226. 

Phosphorus, 5, 224*274. 

„ Antidote for poisoning by, 

235, 729. 

„ Chronic poisoning by, 234, 

,, Detection of, 241, 

„ Estimation of, 246, 

,, Fatal dose of, 229, 

„ matches and vermin. paste, 

226. 


Phosphorus, Medical preparations of, 226. 
,, poisoning, The blood in, 
235. 

,, ,, Difference be* 

tweesr yellow 
atrophy and 
fattyliver, 241. 
,, ,, Effects of, 229, 

232. 

,, ,, Sequel* to, 232. 

,, ,, Urine in, 245. 

,, ,, When symptoms 

commence, 232. 
,, Post ■ mortem appearances 
alter poisoning by, 237- 
241. 

„ Properties of, 224. 

„ Statistics of poisoning by, 

228. 

,, Time after which it may be 
recognised in dead bodies, 
247. 

„ Time of death after taking, 

232. 

,, Treatment in poisoning by, 

(App. ) 729. 

„ Urine in poisoning by, 234, 

245. 

„ vapour, Poisoning by, 232. 

Phosplio-tungstic acid reagent, 251. 
Phosphuretted hydrogen, 225, 

Photogen, 136. 

Physostigma faba, 409. 

Physostigmine, 409-413, 

,, Effects on animals, 411 

,, ,, nran, 412. 

,, Fatal dose of, 413. 

,, Pharmaceutical prepara- 

tions of, 411. 

,, Physiological action of, 

412. 

, Poisoning by, 412. 

,, Postmortem appearances 

after, 412. 

,, Properties of, 409. 

,, Separation of, from 

organic matter, 412, 

, Spectrum of colour re- 

actions, 58. 

,, Tests for, 410. 

,, Treatment in poisoning 

by, (App.) 722. 

Picric acid and Picrates, 470. 

„ Effects of, 470. 

,, Tests for, 471. 

Picrotin, 466, 467. 

Picrotoxin, 465-469. 

,, Effects on animals, 467. 

,, „ man, 468. 

,, Fatal dose of, 467. 

,, Melting and subliming 

temperatures, 262. 

,, Physiological action, 468. 

,, Properties of, 466. 
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Picrotoxiu, .Koparulioii of, finni orgiitiii' 
mutter, IfiH. ■ 

Tnsitiuent in poisoniii;! by, 
(A|ip.) 7ft0. 

Picrotnxiniu, -ICC, 4ti7. r 

Pigs’ tongues, Poisoning i»J‘, M". 
Pilocarpine, Molting mid subliming j 
tom print ni'rs, ‘Sia. 
Treatment in poisoning t j.V , ' 

(Aji[>.) 7«6. ' 

Pilula asialicn, 55ft. . | 

, hyilrargyri snlieliioridi comp'isitn, 
GOft. _ 1 

,, phimbi mini npin, i>18. _ ; 

Pinowood test for isarfudmueid, l*S7. 
Piotwnroki, G., on iarl«>ii uiowixiil'' in | 
blood, lift. 

Pipcriiloaeeto liitliii', 22ft. 

Pipeline, 2S0, 2IW. _ ! 

Pirondi on tin: fatal dose of barium nits, ; 


713. 

Pituriv., 283. 

Platiuic eli lm-iile irngent, 2i'J. 

Plonk 011 jinisoliing (iy iinbadilia powder, 
407. 

Plowright on u dentil from eaiiug Agori. 
ells plittllidili'S, 430. 

,, Oxaiit ne'nl ami uxainlns in 
f'Uigi, BIS. 

Plugge on tins m-.tiifii of ainmiUue 011 
rejitilos, 3ii7. 

Plumstcail ninnler nasi., dill, 

Polil 011 tins poison of Kyiumeeia Imndiiii, 
487. 

Poison, lielinitiim of, 2 ft, 22 , 2ft. 

,, Pminlt law relating to, 22, 

,, General liintlnal of uari’Ji for, 
48-5(1. 

„ German stntiite minting to, 21. 

,, illl'O, 1-13. 

Poisons, tllassi lirntiiui of, 2i! 2!‘, 

,, rStntisties relating t", 2 ft .".2. 
Poly gallic, ae.iil, -i 5(1. 

Pomeroy, A ansi: of jmisoning by eJibarr 
fonu, 155, 1 5ih 

Pomm erais, Gouty <ln la, 4 I f, -i-tlr. 
Popoirci’s (11.) nietlioil of estimating 
uicofine in lolwcoo, 273. 

Poppies, Syrtlp of, 202. 

Pork, Poisoning by, 529, fi'.lu. 

Porta, J. Ikiptista, 10. 

Porte, lilfeots of ieriie eiiluiide in 
auimals, C97, 

Portsmouth oases of food poisoning. 


Posner, Effoels of eliioiuimn rouij«iuiid» 
on animals, 702, 

Potash (imtossa emtstieii), 122, 

, , uirlniuntr.. of, 1 23, 

,, PllamiaOeutical preparation*, 

122. 


,, I’ropcrtics, 122. 

Potassic bichromate, 701. 

11 ,, Us« of, in arts, 702, 
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Proto \eratridine, 402, 404. 

Prout, Hydrochloric acid in gastric 
juice, 99. 

Prussic acid, 202. See Hydrocyanic 
acid, 

r , Treatment irr poisoning 

by, (App.) 730. 
Pseudacouitine, 362, 363. 

Pseudaeonitines, 362, 363. 
Pseudacoiihydrine, 269. 
Pseudo'hyoseyamine, 377, 396. 
Psendo'jervine, 402, 404. 

Pseudomorphine, 286, 298, 323. 
Ptomaines. Sec Animal tox.iu.cs. 
Putrescine, 518. 

Puff adder (Vipera arietans), 504. 
Pyretlirum rosea as an insecticide, 45. 
Pyro-eateehin, Separation of, from urine, 
184. 

Pyrogallol, 34. 

Pyrrol, 40. 

Quebrachine, 353. 

,, Spectrum of colour re- 
actions, 58. 

Quebracho bianco, 353. 

Quillaja sapotoxin, 450. 

Quillajie acid, 450. 

Quinidine, 265. 

Quinine, 250, 265, 266. 

,, Spectrum of colour reactions, 
58. 

Rabuteau on the poisonous properties 
of amyl alcohol, 148, 

Radeeki oil the effects of cantharides, 
493. 

Rajpoots as takers of opium, 311, 
Rattlesnakes, 503. 

Raubenhcimer, J. A., Case of phenol 
poisoning, 180. 

Rayuer, Henry, Effects of lead on the 
nervous system, 626. 

Realgar, 551, 

Red lead, 619, 

Reece, Hr,, on the imbibition of arsenic 
after death, 590, 

Reg, ®. Massey and Ferraud, 477, 

Reg. v. Moore, 677, 

Reiehard’s (C.) test for morphine, 301, 
Reielie, Effects of sulphuric acid on 
kidney, 91, 

Reid, Dr., Cases of carbon monoxide 
poisoning, 69, 73, 

Remsch’s test for arsenic, 584. 

Rendle, Detection of ar-senic, 581, 
Resorcin, 36. 

,, dimethyl, 36, 

Retford cases of food poisoning, 530. 
Rettgers, J, W, , on arsenie mirrors, 583, 
Reynold’s gout specific, 423, 

Rhigolene, 135, 

Ribau on coriamyrtin, 409, 

Rickardsou on blood, 65. 


Richardson, Sir B, W., on bichromate 
disease, 702. 

,, „ on metliene 

dichloride, 
170. 

,, ,, on mortality 

from chloro- 
form vapour, 
156. 

,, ,, 011 action of 

amyl nitrite, 
149. 

,, ,, on dose of 

chloral, 165. 

,, ,, on effects of 

turpentine, 
140. 

,, ,, on the poison- 

ous proper, 
ties of amyl 
alcohol, 148. 

Richardson’s (Sir B. W.) experiment 
with strychnine, 341. 

Ricliet, M., on the toxic action of 
strychnine, 337. 

RiehePs experiments with strychnine, 
341. 

Richter on the detection of strychnine, 
345, 

Riegler’s reagent for blood, 60, 61. 

Rietner on the post-mortem appearances 
in silver nitrate poisouing, 660, 

Riess, O. L., Distinction between phos- 
phorus poisoning effects and atrophy 
of liver, 241. 

Riner’s prussic acid, 203, 

Ringer, S., on the action of aconitine, 
375. 

,, andH. Saintsbnry on neutral 

alkali salts, 128, 

„ and Murrell 011 physiological 

action of gelsemine, 354. 
Rinman’s green, 688, 693. 

Ritter on the blood in phosphorus 
poisoning, 235, 

Roberts’ test for morphine, 300. 
Robertson, A,, and Wyuue, A. J. , on 
cases of poisoning by eating Phaseolus 
lunatus, 213, 

Robertson, Dr,, on the effects of lead 011 
the sight; 627, 

Robinia pseudo-acacia, 481. 

RobiquePs prussic acid, 203. 

Roburite factories, Poisoning in, 199. 
Roger on the effect of copper leguminate, 
645, 

Rogers (Leonard) 011 the poison of sea- 
snake, 498, 

Rohrig on the effects of oil of savin, 475. 
,, on the excretion of milk dimin- 
ished by chloral, 163, 164, 

,, on the physiological action of 
picrotoxin, 468, 

Roman knowledge of poisons, 2. 
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Bomelltcre on the blood in phosphorus 
poisoning, 235. 

Boos, Separation of cadaveriuc, 516. 

Eose on the effects of santoniu, 454. 

„ on the estimation of arsenic, 597. 

Eosenstein's experiments on animals with 
lead, 622. 

Eosenthal and Kroclcer on action of 
nicotine on the brain, 281. 

Eoss, Dr., on the poisonous effects of 
dinitro-beiizol, 199. 

Eossbach, N. J., onOpaliuaranaruni, 44. 
,, on the actio u of ergot, 

464. 

,, on the effects of colclih 

cine, 423. 

Eouget, on the effects of silver nitrate on 
animals, 659. 

Eoussin, Effects of sulphate of zinc as a 
poison, 690. 

Eoussin's crystals, 276. 

„ test for purity of chloroform, 
152. 

Enberine, 430. 

Eubi'jervine, 402, 405. 

Eusma, 551. 

Bussell's viper (Duboia russcllii), 504. 

Butter, Dr. J. T., on arsenic eating, 561. 


Saua.du.line, 401. 

,, Spectrum of colour renc- 
tions, 58, 

Sabadiue, 401. 

,, Spectrum of colour reactions, 

58. 

Sabina communis, 475. 

Saint Ignatius’ bean, Extract of, 329, 
Saintsbury, Toxic effects of the neutral 
salts of the alkalies, 128. 

Salamander, The poison of the, 483. 

,, The water, Poisou of, 484. 
Salerno, C. , on the action of ergot, 464. 
Salet, M,, detection of phosphorus by 
spectroscope, 243. 

Saliein, Melting and subliming tempera' 
tures, 262. 

Salicylic acid, 36, 

,, methyl, 36. 

Salkowsky on the lessening of the alka* 
loids of the blood, 88, 
„ „ liver in phosphorus 

poisoning, 240, 

„ ,, post-mortem appear* 

ances in antimony 
poisoning, 610, 

„ ,, separation of poisou of 

mussels, 526, 

Salmon, Tinned, Poisoning by, 530. 
Salzberger isolates proto veratridine, 404. 
„ on rubi-jervine, 405. 

„ on the melting'point of rubh 

iervine, 405, 

Salzberger's (G.) protoveratrine, 402, 


Sal volatile, US. 

Samamlaridin snlphate, 4S4, 

Samandrin, 483. 

„ sulphate, 483. 

Samuel, S., Observations on local action 
of ammonia, 124. 

Sauarelli, G., on the poison of the 
scorpion, 486. 

Sand, H. J., and Haekford, J. E., The 
estimation of arsenic, 594. 

Sanderson, Dr. Burdon, oil the action of 
gelseniine on respiration, 355. 
Sanguinarin, Sjicctrum of colour re* 
actions, 58. 

Sansom on deaths under chloroform 
vapour, 159. 

Santonin, 453-455, 

,, Effects on animals, 454. 

,, ,, man, 454. 

,, Fatal dose of, 454. 

,, Poisoning by, 453. 

,, Post-mortem appearances after 
poisoning by, 455. 

, , Properties of, 453. 

,, Separation of, from organic 

matter, 455. 
Sapindus.sapotoxin, 450. 

■ Saponin, 450-453, 

„ Effects of, 451, 452. 

,, Identification of, 453. 

, , Melting and suhlimingtemjiora 

tnres, 262. 

, , Properties of, 450. 

,, Separation of, 452. 

Saponaria officinalis, 450. 

Saprine, 522. 

Saporubin, 450, 451. 

Sarsaparilla* saponin, 450. 

Sarsa'Saponiu, 450, 

Sausages, Poisoning by, 530. 

Sautesson, The poison of the Helodenna, 
486. 

Savin, Oil of, 475. 

,, ,, Post-mortem appearances 

after poisoning by. 476. 

,, ,, Separation and identifica- 

tion of, 476. 

, , Treatment on poisoning by, (App. ) 
731. 

Scattergood on the toxic effects of silver- 
nitrate on man, 660. 

SchaaFs eases of camphor poisoning, 142, 
Schaeht’s method of assaying opium, 288. 
Schanenstein on a case of atropine poison- 
ing, 385. 

,, on a case of strychnine- 

laudanum duplex poison, 
ing, 336, 

,, on a case of suicide by 

chloroform, 157. 

,, on poisoning by hellebore, 

447. 

„ on strychnine in the urine, 

334. 



INDEX, 


765 


Schauenstein on the statistics of stryeh' 
nine poisoning, 332. 

„ 011 undissolved stiyelmine 

in tlie stomach, 342. 

Sehaufiele 011 tile action of organic fluids 
on zinc, 688. 

Scheme killed by prussic acid, 207. 
Sclieele’s green, 555. 

„ prussic acid, 203. 

Selieiblers process for separating alka* 
loids, 256. 

,, reagent for alkaloids, 251. 

Scherer's test for phosphorus, 245. 
Seliindelnieiser, J., on the solubility of 
morphine, 297. 

Schindler 011 codeine in opium, 317. 
Scklimpert on the solubility of morphine, 
297. 

,, 011 the solubility of stryeh' 

nine, 327. 

Schmidt, Hydrochloric acid in gastric 
juice, 99. 

„ on hyoscine, 395. 

Schmidtmann on poisoning by mussels, 
526. 

Sohniiedebcrg on aniline poisoning, 284. 

,, 011 digitaliu, 435. 

„ on the poisonous action of 

chloroform, 154. 

,, onthepoisononsglucosides, 

445. 

,, on the active principles of 

oleander leaves, 448. 

,, on the physiological action 

of atropine, 389, 

, , and Harnaek on muscarine, 

428. 

,, and Koppe isolate mnscai' 

ine, 428. 

Scbmieilelieig’s digitonin, 432. 

,, method of estimating 

chloroform, 161, 

Schonbein on the action of prussic aeid 
on the blood, 209. 

,, on the oxidation of arsenical 
stains, 583, 

Sehiinbem’s test for HCN, 216, 217. 
Schraederis prussie acid, 203, 

Sehraubo, 0., Statistics of phosphorus 
poisoning, 228, 

Sehroff on the postmortem appearances 
after poisoning by colchicine, 
425. 

„ on poisoning by colchicine, 424 
SehrofTs antidote for physostigmiuc, 
412. 

Sehuehardt, Effects of phosphorus 011 the 
blood, 235, 

Schuler on the action of strychnine, 
338, 

Sehultzen, Secretion of sulphuric acid, 
95. 

Sehultzen, 0., nail 0. L. Eiess, 011 fatty 
liver in phosphorus poisoning, 241. 


Sehultzen, 0., and 0. L. Eiess, on the 
urine in phosphorus poisoning, 234. 
Schulz, Penetrability of carbon mom 
oxide, 75. 

,, and Praag, Action of aconitine 
on fisli, 367. 

Schulz (H, ) and Mayer's experiments on 
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